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PREFACE. 


DJ ySTEMS of Cuzuisrav have been exceedingly 
multiplied within theſe laſt fifteen years. Thoſe 
of FourcRoy, CHaPraL, and ſeveral other che- 
mical authors, are ſo diſtinguiſhed for excellence, 
as to have been ſucceſsfully tranſlated into almoſt 
every modern European language. It ſeems un- 
generous and unwiſe to drive an old teacher off 
the ſtage, merely to make room for a new one, 
who offers only novelty of perſon, without any im- 
portant peculiarities, or tranfcendent advantages of 
inſtruction, It is, therefore, natural to expect, that 
every reader ſhould enquire, - upon what peculiar 
IMpROVEMENTS—in Science, —in the detail of 
Facrs, —in ARRANGEMENT,—0OT in the general 

a mode 
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mode of DIDACTIC EXNUNCIATION,—does the Au- 
thor of this new Compendium of the ELEMENTS or 
CuEMISTRVY, raiſe his claim to the Attention of the 
Public ?—To ſuch an enquiry, it is the object of 
this PREFacr, to give a direct, a preciſe, and, if 
poſſible, a ſatisfactory anſwer, 

I. In every late work on the ELEMENTS OF 
CarmisTRY, the doftrine—of—a PaLoGIsTON, 
the principle of fire and of all the moſt active qua- 
lities of material bodies,—is aſſociated with the 
newer chemical truths, relative to Combuſtion by 
the decompoſition of Gas-Oxygen, &c.—with a con- 
fuſion and an uncertainty,—which inexpreſſibly 
perplex the mind of the. ſtudent, make it almoſt 
impoſſible for him to comprehend the principles of 
Chemiſtry, and even ſpread an air of falſehood and 
uncertainty over the details of its facts. Chemiſts 
in general had been ſo accuſtomed to ſpeak, to 
think, to write, in the language of that which is 
called the PRTOOGIST IC THOR, and to conduct 
their experiments upon its views; that, even 
after relinquiſhing it, as falſe, few of them have 
been able ſufficiently to accommodate their 
thoughts and language to the truths of the x 
 8YSTEM. Even the works of the beſt French Che- 
miſts, ſuch as Fouxcroy and Chap TAL, ſhew not 
a little of this confuſion, It triumphs in the che- 


mical writings of moſt of thoſe great men, the 
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SToLID1SSIMI of Germany. Some perſons have, 
of deſign, and with a view to pleaſe all parties, 
made the vain attempt to produce uſeful compen- 
dia of the Elements of Chemiſtry, in which the ſe- 
cret relations of every ſeries of phœnomena ſhould 
be explained both upon the principles of the Old 
Theory, and upon thoſe of the New. Bur, in all 
theſe inſtances, this confuſion of Theories of which 
I complain, however it may have been produced, 
—though perhaps leſs embarraſſing to experienced 
chemiſts, —has infinitely enhanced the difficulties 
of the ſcience, to every beginning learner. In no 
department of ſcientific inſtruction, is it poſſible for 
the mind, at firſt, to find its way amid the doublings 
and contrarieties of two incompatible theories, 
You muſt, in the firſt inſtance, give one con- 
ſiſtent ſer of principles to the ſtudent whom you 
wiſh to ſtudy any ſcience with eagerneſs and ſuc- 
ceſs, After his intellect has, once, had a clear 
view of che whole range of the ſcience ; then, but 
not till then, call him to compare oppoſite theories, 
and decide between diſagreeing ſyſtems. 

This was one of the firſt conſiderations which 
prompted the writer of the following work, to en- 
gage in its compoſition. He has, every where, 
explained the relations of all the phaenomena, 
agreeably to thoſe principles of modern diſcovery 
of which LAvolsiER is reſpected as the author. 

a 2 | His 


His book, in every inſtance, ſpeaks the language, 
and breathes the air, of the New Doctrine. That 
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doctrine, is, now, unqueſtionably, DEMONSTRATED 
TRUTH. But, were it even otherwiſe ; he cannot 
but hope, that the ſtudent muſt derive much more 
inſtruction from the peruſal of a work which un- 
folds, only one conſiſtent ſeries of principles, than 
if it diſplayed an illogical medley of ſuppoſitions 


contending one againſt another, like the elements 
of Nature in the Chaos of the Poets.— He has, 


not, however, entirely overlooked the Theory of 
Phlogiſton, but' has thrown a ſhort account of it 
into an Appendix,—which he could wiſh, not to 
be peruſed, till after the preceding part of the book 
ſhall have been read.- 

II. In all former ſyſtems of Chemiſtry,—except 
only that admirable treatiſe, the Philoſophy of Che- 
miſtry, by FourRcRoy,—there prevails—an unſcien- 
tific confuſion of arrangement, exhibiting the differ- 
ent chemical ſubſtances, not ſo much in the order 
of ſyſtem, as if they were taken up, one after ano- 
ther, out of a heap careleſsly thrown on the floor 
of the Laboratory, or from the ſhelves in an Apo- 
thecary's ſhop. Such a work neceſſarily propoſes 
to teach ſcience in a ſort of Synthetic order. But 
there is, in truth, neither Syntheſis nor Analyſis 
nor any order whatſoever, in the manner in which 
the hiſtories of the different chemical ſubſtances are 

made. 
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made to follow one another in almoſt all our books 
of Chemiſtry, This confuſion ſeems to proceed 
from mingling the arrangement of the old theories 
with ſomewhat of that which would be obſerved in 
Natural Hiſtory, and with an accommodation of 
the whole to the conveniencies of exhibition and 
experiment. It degrades ſcience into the diſor- 
der of the moſt inelegant arts. It hinders the ſtu- 
dent from expanding his mind, as he advances, to- 
the enlarged abſtraction of genuine ſcience. It 
has the effect of admitting as little as poſſible of 
reaſoning, into a branch of knowledge that, in its 
preſent ſtate, may be uſed to form the mind to 
cloſe and accurate ratiocination, perhaps more ſuc 
ceſsfully than any one elſe. 

In the following work, a more ſcientific and lo- 
gical arrangement has been attempted. The im- 
ple ſubſtances, —at leaſt thoſe which have not been 
hitherto decompoſed, are conſidered ſo many dif- 
tint CLAssESs : Compounds in which, two or three 
of theſe ' ſimple ſubſtances, exiſt in union, are re- 
garded as OkDERs : the Compounds of thoſe come = 
pounds, conſtitute GENERA : ſubordinate to theſe 
are the SPECIES ; which are, of courſe, made up of 
VARIETIEsͤH; and theſe, of INDivipuars. 

In giving the chemical hiſtory of this ſyſtem of 
ſubſtances, the Author of the following work has, 


therefore, taken each CLass by itſelf, and endea- 
a 3 voured 
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voured to purſue its hiſtory, through all its ſubor- 
dinate parts, ſo low, at leaſt, as to its different ſpe- 
cies, Todeſcend into the detail of the Individuals 
has been hitherto regarded, as the proper buſineſs, 
rather of NATURAL HisTory, than of Carmis- 
TRY: and the limits within which the Author of 
this work was obliged to confine its extent, would 
not admit of his introducing into it, any detail ſo 
diffuſe, and ſo much multiplied . Thoſe fimple 
ſubſtances which are known to be the moſt exten- 
ſive in their combinations, or the moſt conſpi- 
cuous in their action, have been introduced, the 
firſt: and the progreſs of the work has been con- 


trived, for as much as was poſſible, to proceed, re- 


gularly, from the more important and conſpicuous 
CLAssks, to thoſe which are the leaſt ſo. Not 
that he has dared, in every inſtance, rigorouſly to 
follow that plan of arrangement which he eſteemed 
the moſt conſiſtent with ſcientific preciſion, 
Something was to be ſacrificed to old prejudices, 
and to prevalent habits of thinking: A certain at- 
tention was due to what the convenience of the 
writer and the learner, ſeemed in particular in- 
ſtances to require. The Compound baſes of Acids, 


For the Chemical and Phyſical hiſtory of the Individual ſubflances 
belonging to this Science, I cannot do better than refer the reader to 
KirwaAn's ELztMExTS OF MiNERALOGY,,-and Dr, BABINGTON'S 
NZWSTZTEM or M1NERALOGY, recently publiſhed. 


are, 
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are, on this account, introduced, in ſucceMon, after 
the ſimple ones, The bitumens, and ſeveral other 
combuſtible ſubſtances, with thoſe which are called 
the immediate principles of Animal and Vegetable 
Bodies fill a ſeparate Boot. And, in various in- 
ſtances, in the courſe of his arrangement, will be 
found a departure from that rigorous order which 
his judgment preferred as truly ſcientific, rg 


not the moſt familiar. 


In the whole, he cannot but hope, that the ar- 
rangement which he has followed, will be found to 
be not only the moſt ſcientific, but by much. the 
beſt adapted to open up the ſcience of Chemiſtry, 
to the eaſy intelligence of the reader's mind. 

III. The writers of the beſt ſyſtems of Che- 
miſtry which have been hitherto offered to the Pub- 
lic; anxious to detail every fact, and to deſcribe 
every proceſs, and every phœnomenon with the 
utmoſt minuteneſs of explication; have very often 
deſcended into a particularity in the ſtatement of cir- 
cumſtances, by which, that which they ſought to 
make exceedingly plain, has been rendered ſo much 
the more obſcure. They enter into a deſcription of 
every movement of the hand in the laboratory, 
with a prolixity of phraſes, a confulion and inac- 
curacy of language, an embarraſſment of fen- 
tences, by which the mind of the ſtudent is utterly 
confounded and bewildered. Even when, with 

| a 4 : their 


Viit PREFACE. 


their books i in his hands, he witneſſes the appear- 
ances and experiments which they relate ; it is 
often ſcarcely poſſible for him, to trace the agree- 
ment between the facts and the narrative of them. 
Until he become ſo expert a chemiſt, that the in- 
ſtruction of ſuch books, ſhall ceaſe to be uſeful; 
the books themſelves begin not to be calily un- 
derſtood. 

In the following work, it has hows endeavoured, 
perhaps, indeed, without ſucceſs, to relate chemi- 
cal facts and experiments, in ſuch a mediate man- 
ner between obſcure brevity and indiſtinft pro- 
lixity,—that the book may be intelligible, even at 
a diſtance from the Laboratory, to the young che- 
miſt, —that, if he witneſs accurately performed ex- 
periments, with it in his hand, he ſhall eaſily be 
able to compare the fact with the deſcription of it, 
—and that, if he chuſe to attempt experiments by 
himſelf, without any other guide, than this work, 
—it may afford him directions much more ſer- 
viceable, than thoſe of a perplexed and blunder- 
ing prolixity, It has been, here, endeavoured 
to ſelect and faithfully to relate all the leading 
and eſſential appearances in the progreſs of every 
experiment; while, to avoid tediouſneſs of detail, 
every indifferent circumſtance, has been, for 
as much as was poſſible, FRY over Without 


notice, 
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IV. It has been hitherto, uſual for the authors 
of ſyſtems of the Elements of Chemical Science, 
to introduce, —as | think, unſcaſonably,—through- 
out their books, details of the practice of ſeveral 
of the chemical arts, at a time when the ſtudent 
cannot be ſuppoſed to poſſeſs all the chemical 
knowledge which is requiſite to the due intelli- 


gence of a practice in which there is often a com- 


bination of all that is moſt difficult, complicated, 
and refined in the ſcience and the manipulations 
of Chemiſtry.— This contributes more than any 
thing elſe, to render the ſtudy of Chemiſtry, inex- 
preſſibly difficult. The ſtudent flounders on from 
one chaos to another. It is, as if, amid the leſſons 
for a child who is as yet but learning to read 
ſingle, ſolitary ſyllables, you ſhould here and there 
interpoſe cluſters of words of five, ſix, and ſeven 
ſyllables, with many filent letters. The ſtudent 
may toil on : but, whether in a book, or in an 
exhibirion of experiments; all is to his mind, 
perplexity and confuſion, He may thus learn the 
language of Chemiſtry; he may even comprehend 
the ratio of this or that manipulation or phœno- 


menon: — But, he does not conceive of the whole, 


as a Science; he cannot rightly underſtand the 
union and regular ſubordination of the parts: 
Nothing but the labour of a whole life, and the 
advantage of other means of receiving inſtruction, 

f Can 


5 PREFACE. 


can bring him at laſt, to underſtand the entire 
Syſtem : And even ſtill, he will be apt to conceive 
of the different chemical arts, rather as ſo many 
ſeparate myſteries, than as depending, in all their 
operations, on the firſt principles of chemical 
Science. To moſt, even of thoſe who pretend to 
be the fondeſt of Chemiſtry,—the exhibitions at 
chemical Lectures, are much like the fleight-of- 
hand tricks of jugglers, or thoſe ſucceſſions of 
paintings, which are, under various names, exhi- 
bited, as theatrical entertainments. The attend- 
ants at thoſe Lectures, go to ſee tricks, to wonder 
at appearances, of which the cauſes and relations 
are not, with due preciſion and ſimplicity, un- 
folded to them, It muſt continue to be ſo, as 
long, as in either Books or Lectures, the different 
ſubjects of chemical inveſtigation, ſhall be pre- 
ſented, otherwiſe, than in a due progreſſion from 
that which is /imple, to that which is the moſt com- 
plex. Chemiſts, in writing ſyſtems of their Science, 
appear to have, generally forgotten; that they 
wrote for perſons who were to be gradually in- 
ſtructed in that Science. By conſequence, they 
have not accommodated their mode of inſtruction 
to the natural opening of the human min. 
On the contrary, in the following work, very 
great care has been uſed, to ſtate the facts with as 
much ſimplicity and conciſeneſs as poſſible, in 


opening 
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opening up the ſyſtem of the general truths of the 
Science. The application of chemical Science to 
explain the-moſt complex appearances of Nature, 
and the moſt difficult proceſſes of the Chemical 
Arts, has been poſtponed, till the general Elements 
of the Science have been, firſt, diſtinctly unfolded. 
Whenever, in the former part of the book, re- 
ferences'to the proceſſes of the more complicated, 
practical arts, were unavoidably to be made; the 
utmoſt brevity that was not incompatible with per- 
ſpicuity, has been uſed in ſpeaking of them. The de- 
tails of Mineralogy, the chemical phœnomena which 
leadto a true theory of Geology, the chemical relations 
of Vegetation, the hitherto neglected chemiſtry of 
the functions of Animal Life, have been introduced 
only in the Laſt Book of this Work,—and not be- 


fore all the ſimpler parts of which the knowledge 


was neceſſary to the intelligence of theſe, had deen 
previouſly explained. In the explanation of the Che- 
mical Arts, the ſame œconomy has been obſerved. 
The chemiſtry of Agriculture, Bleaching, Dyeing, the 
making of Glaſs, the preparation of Tobacco, the 
manufacture of Soap, &c.—has been, in like man- 
ner, introduced only in the ſame laſt book, where it 


| ſeemed that the ſtudent might the moſt caſily un- 


derſtand it. After every endeavour had been uſed 
to familiarize the mind of the ſtudent, with all the 


limpler combinations and decompoſitions of Che- 


miltry ; 
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miſtry ; then, but not till then, might he, as was 


conceived, eaſily underſtand and judge of, theſe 
more complex details. Cnarrar diffuſes his 
ſyſtem, too much, into accounts, unſeaſonably in- 
troduced, of the proceſſes of Art. Even the more 
philoſophical Fourcroy, though he ſhew more of 
ſyſtematic propriety of arrangement, yet, amid 
his elaborate copiouſneſs, often introduces details 
of complex proceſſes, in parts in the progreſs of 
his ſyſtem, where the mind of the reader has not 
been prepared by what goes before, to compre- 
hend them. 

As many as poſſible of thoſe lengthened details 
of Natural Hiſtory, which other Chemiſts ſcatter 
through their ſyſtems, - have been rejected from 
this one. They may be valuable ; but, they tend 
too much to diſtract the mind, and to withdraw it 
from ſufficient keenneſs of attention to the capital 
object. Of theſe details, there is greatly too much 
in the volumes of FouxcRoy. So much as ſeem- 
ed indiſpenſibly requiſite, has been here preſerved ; 
but digreſſions into the regions of Natural Hiſtory, 
have been ſtudiouſly avoided. | 

V. As chemiſts, we, in Britain, have been, 
long, the humble diſciples of the French and Ger- 
mans. Our Syſtems and Manuals of this Science 
being chiefly tranſlations of the books of foreigners, 
do not exhibit in their illuſtrations, the Britiſh, 

Jo 
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ſo much as the French and the German pra ſtice of 
the chemical Arts. It is, certainly, very deſirable, 
to know the foreign practice of theſe Arts, eſpe- 
cially where that foreign practice is, in any re- 
ſpect, better than our own. But, in learning the 
elements of chemical Science, if the ſtudent wiſh 
to make this knowledge directly uſeful to him, in 
his own country; it is undeniably better for him 
to learn, firſt, the uſe of thoſe Elements in Engliſh 
Arts. Reading the tranſlated books of foreigg 
Chemiſts, —and the Engliſh compilations from 
them, one would almoſt” ſuppoſe Britain to be 
entirely without mines, iron-works, ſoaperies, 
dyers, potteries, glaſs-works, and even every other 
chemical manufacture. In the periodical miſ- 
cellanies, we are treated much in the ſame manner. 
It is ſo much eaſier to fill theſe with tranſlations 
from books and pamphlets in foreign languages, 
than to procure original information of real impor- 
tance, to occupy their pages, that our magazines, 
&c. of almoſt all ſorts, ſpeak as if Britain were a 
country deſtitute alike of all art and all ſcience, 
ſave what it derives from the ſuperior induſtry 
and illumination of the French and Germans. Moſt 
eminently does this take place, in regard to the 
chemical Arts. Ever ſince Chemiſtry was fo 
much illuſtrated by the diſcoveries of Lavoifier, — 
it has been fancied, that the French alone were en- 
titled 
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titled to dictate in chemical ſcience to all Europe. 
After reading almoſt all our common books of 
chemiſtry, and trying moſt of the experiments 
which they ſuggeſt, - one ſhall be quite a novice in 
the Engliſh practice of all the chemical Arts. 
In the compoſition of the following chemical 
work, therefore, the Author was willing ro intro- 
- duce as much as poſſible, of the Engliſh practice 
of thoſe arts which depend upon chemical prin- 
ciples. He has not, however, been able to do this, 
ſo completely as he wiſhed. It became indiſpen- 
fibly neceſſary to him, to introduce the ſcience and 
the facts of Fourcror and Char TAL. He did 
not poſſeſs advantages ſufficient to enable him 
to procure all the neceſſary information concern- 
ing the practice of ſuch arts in England. The 
plan of his Book, —as to extent, — did not permit 
him to introduce the whole of even that little 
knowledge of ſuch things, which he actually poſ- 
ſeſſed. by NE 
Yet, in almoſt all theſe accounts of the prac- 
ice of different chemical arts which are contained 
in the laſt Bock of the following work, it is the 
Engliſh practice that is exhibited. The /pecifica- 
tions of Patents in that very valuable periodical 
work, the ReperToRy or ARTS; the precious 
volumes of the TransacTions of the Royar, So- 
CIETIES of London and Edinburgh ; the Tranſac- 
| | | dions 
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tions of the SocteTyY or ArTs, the PRILOS0PHI- 
cal SoclETY or MANCHESTER, the HicHLanD 
SOCIETY OF SCOTLAND, the AGRICULTURAL 
Soemry or Barn, &c, furniſh much important 
matter, to fill up the hiſtory of the chemical arts 
in Britain. We have, alſo, many ſeparate publi- 
cations of great merit, upon the Britiſh practice of 
different branches of the chemical Arts, From all 
theſe ſources, as well as from his own experience 
and obſervation, the Author of the following 
work, has derived uſeful materials for its 14, 
Book. But, he has been neceſſarily much more 
brief, upon theſe ſubjects, than he could have 
wiſhed, He has explained little more than the 
ratio of a few of the chemical Arts, If he ſhall be 
acknowledged to have, here, ſet an example which 
may be uſefully imitated at much greater length, 
by others, —this is the higheſt praiſe which he 
would, here, claim. He was, indeed, afraid of 
expatiating too much in a novelty, which the petu- 
lant and injudicious may, even in 1ts preſent ſtate, 
lufficiently forward to blame. 

VI. The following SysTEM exhibits alſo, not a 
few novelties of Science. 

1. The operations and the relations of CALORIC, 
will be found to be explained in it, with an atten- 
tion to all the tranſitions of that ſubſtance, and to 


its different modes of combination and- exiſtence, 
| which 
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which has not been diſplayed in any former Che. 
mical Syſtem. Much inaccuracy and confuſion 
ſtill enter into all our chemical reaſonings and ex- 
periments in conſequence of our inattention to the 
preciſe action of CaLoric, It is hoped, that the 
preciſion with which it is attempted to trace and 
eſtimate that action, particularly in the latter part 
of the following work, may tend to promote, in 
no ſmall degree, the improvement of chemiea 
obſervation, experiment and reaſoning, in all their 
various parts. 5 | 

2. Of Licar or Lumen, too, this work exhi- 

bits in its account of the art of dying, a new and 
peculiar idea; repreſenting Light merely as the 
medium of colour,—not properly an aſſemblage of 
all the different colours; and referring colour en- 
tire to the minute ſtructure chemical and mechani- 

cal, of bodies at their viſible ſurfaces. This may 
at firſt ſight, ſeem -but an unſupported opinion, 1 
Vet, when all the chemical facts concerning the 
variations, and the communication of colours ſhall il © 
have been duely conſidered ;—philoſophers will, 
certainly, find it utterly impoſſible to. refute that 
new doctrine concerning Light, which has been, 
here, for the firſt time, deciſively advanced. 

3. In regard to many phœnomena to which the 
genetal doctrines of ſcientific chemiſtry had not 
been, before, carefully applied, attempts are, 

| every 
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every where, throughout. this work, made, to ex- 
plain all the ſecret relations of their different ap- 


1 pearances, in a manner ſufficiently compatible with 
he che principles of that which is called the Pxxu- 
be 4471 CREMIsrRY. The attempts always ex- 
a hidit the exact reſults of an induction of Facts and 


Analogies ; and therefore afford, whenever they 
occur, new principles of combination by which the 
fats are made more eaſily intelligible, and are 
brought to afford inferences—of uſe to direct the 
practice of the Arts. 

4. It is neither a hopeleſs nor an uſeleſs taſk,” to 
* to trace the changes which have taken 
place on the matter of this Earth, fince, it was, 
firſt, ſubjected to the operation of thoſe Laws, by 
which all its phenomena are, at preſent, regulated. 
This is to cultivate the ſcience of GzoLoGy, or to 
form what is called a THEORY oF THE EARTH. 
Ever ſince mankind began to think with any de- 
gree of comprehenſion, concerning the origin and 
the general ſtructure of the orb which they inhabit; 
they have, both learned and vulgar, formed 
innumerable Theories of the Eartb. While its re- 
lations to the reſt of the planetary ſyſtem were 
unknown, its whole ſurface not yet ſurveyed, 
its mineral ſtrata unexplored; ſuch theories were ne- 
ceſlarily, too imperfect to deſerve any particular 
notice, The progreſs of Aſtronomy, of Naviga- 
: | b tions 
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tion, of Geography, Chemiſtry, Mineralogy, and 
Natural Hiſtory, has, in modern times, added fo 
much to our knowledge of the Earth, that we may 
conſider ourſelves, as having advanced much be- 
yond the ancients, towards the formation of a 
true ſcience of GroLocy, BurNeT's Theory of 
the Earth, was but a theological Romance.— 
Buffon intermingles, in its compoſition, much of 
ſublime fancy, with valuable facts and pleaſing 
philoſophical ſpeculation, J/hiteburfl, De Luc, 
Suauſſre have contributed a vaſt aſſemblage of facts, 


and many ingenious, ſcientific ſuggeſtions. But, of 


all our bolder Geologiſts, the late Dr. HuTTon, of 


Eainburgb, and the preſent excellent preſident of 


the RoyaL IR is ACADEMY, have, in the con- 
ſtruction of Theories of the Earth, afforded the 
beſt ſatisfaction to the ſcientific world. Even the 


Theories, however, of theſe illuſtrious Philoſo- 


phers, are obviouſly imperfect, and very far from 
haviug attained, either in the one or the other in- 


ſtance, to the truth and ſtability of unqueſtionable 


ſcience. On this difficult ground, the Author of 
the following Work, has alſo dared to tread. He 
has, in the laſt Book, propoſed @ View of tht 
Origin and more remarkable Revolutions of Ibis 
Earth, which he believes to be ſupported by a more 
general and uniform conſent of Fas and Analogies, 
than depoſe in favour of either the Theory 
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of HuTToN, or that of KIR wa N. He gives it, 
not as abſolutely the ultimate truth of Science 
concerning the origin and revolutions of this ter- 
reſtrial globe, but as the moſt ſcientific account of 
theſe, which, in the preſent ſtate of our chemical 
and mineralogical knowledge can well be given. 
He has produced it, that if not itſelf unqueſtionable 
ſcience, it might, however, promote reſearch 
and diſcuſſion in a department of ſcience ſo truly 
important, 

5. Chemiſtry has, never before, been applied 
with due care and accuracy, to direct the labours of 
Agriculture, and to explain the phenomena of Vegeta- 
tion. In the following work, and in its laſt book, 
will be found an attempt to explain the germina- 
tion, the growth, the florification, the ripening, the 
decay of plants, upon chemical principles, and by an 
induction of facts, which will probably appear ſound . 
and juſt to all thoſe minds which are not withheld 
by unreaſonable prepoſſeſſions, from embracing the 
truth when it is preſented to them. The ordi- 
nary functions of vegetable life, are, alſo, placed in 
a new light, by the application of the principles of 
Chemiltry, The Author will not affirm, that he 
has been, every where, completely ſucceſsful in 
what he has, on this head attempted. In truth, 
the Phyfiology of Vegetables has not, hitherto, been 
ſufficiently explained, to enable us to trace all the 
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chemical phœnomena of the organic functions of 
vegetables, That what is here ſtated, may 
explain ſome part of thoſe functions, more ſatis- 
factorily than they have been before explained,— 
and may introduce into this department of philo- 
ſophy, a new ſpirit of inveſtigation, —is the utmoſt 
that the Author preſumes to hope. There is no 
province of philoſophy, of which the cultivation 


would contribute more to the improvement of the 


molt beneficial of the Arts of Life. 
5. The Mepicar, ARrT,—on account of the 


complexity of the ſtructure and functions of the 


Animal Body, —as well as on account of the num- 
berleſs relations of this body and its functions to 
all the parts of the ſurrounding ſyſtem of things, — 
remains ſtill in an exceedingly imperfect ſtate, We 
have attained, as yet, to but very—very few prin- 
ciples of medical ſcience, Though cultivated 
from the earlieſt times, Mzpricineg was, long, much 
more .an imp of Superſtition, than a child of 
Reaſon. In the days of HieepockarTEs, indeed, 
conſiderable progreſs had been made in the col- 
lection of a body of facts, towards the conſtruction 
of a ſyſtem of medical rules. From his time, 
however, till Anatomy began to enlarge its re- 
ſearches and diſcoveries, in the hands of GaLeN, 
Medicine continued to be practiſed without im- 


provement. It was, during the dark ages of the 


hiſtory 
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hiſtory of modern Europe, the impoſture of 
prieſts, the folly of old women, the quackery of 
vain empirics. Science and learning could not, 
— immediately after their revival, do much towards 


bs the improvement of an art ſo complex, ſo refined, 
ſt ſo awfully intereſting to all the hopes and fears of 
0 human life. Paractitsus and the alchemiſts 
n added the noſtrums of chemiſtry to thoſe which 


be pharmacy had, before, derived from vegetable 

nature. The diſcoveries of the anatomiſts, and 
e clic progreſs of the mechanical philoſophy, taught 
ne che profeſſors of medicine to attribute almoſt all 
n- che phœnomena of health and ſickneſs to the ſtate 
to of the mechaniſm of the animal frame. Amid the 
continued attentions which were paid to the phy- 
Ve WM fiology of the animal body, and in the progreſs of 
n- MW mctaphyſical and moral philoſophy,—it became fa- 
ed ſhionable to conſider vitality—in the varying 
ch ſtates of the Vis Natur æ, —as the only grand prin- 
ciple on which animal health could depend. 

The Theories of Hoffman, Cullen, Brown, 
and their diſciples, are ſo many ſyſtems, widely re- 
mote from the truth of genuine -ſcience, which 
repreſent vitality, —as acting with a ſort of myite- 
nous operation in all the phœnomena of health and 
lickneſs, —and as influenced, in its action, by ex- 
terior cauſes, in a manner, in which the laws of 
gravitation and chemical attraction, have little or 
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no part. In the later application of pneumatic 
chemiſtry to medicine, and of the gaſes as 
remedies, by Dr. Bzppoxs and others, —it is, 
perhaps, not too much, to ſay, that there is much 
more of mere empiriciſm and of the ſuggeſtion or 
preſcription of chemical ſpecifics, than of any 
eſtabliſhment of principles upon the knowledge of 


that part which the laws and relations of Chemiſtry, 


perform in all the functions of Animal Life. In 
this ſtate of medical Science, or rather Theory, the 
Author of the following work has endeavoured to 
DEMONSTRATE, that, in all the functions of the 
Animal Powers, whether in health or ſickneſs, 
there intervenes, between the agency of mechaniſm 


and mechanical cauſes and that of vitality,—4 
CHEMICAL AGENCY, the. thorough knowledge of 


which, can, alone, enable us to eſtabliſh the foun- 
dations of true medical ſcience. This doctrine 
is entirely new in medicine, If true; it is of infi- 
nite importance, Of all the applications of Che- 
miſtry, it muſt prove the moſt beautiful and the 
molt intereſting. It cannot but confer new dignity 


on chemical ſcience ; ſince it exhibits it in this new 


relation to the principal utilities of human life, 
T hat the general truth is fully demonſtrated, the 
Author entertains the ſtrongeſt confidence: That 
he may have erred in ſome of thoſe particular de- 
tails into which he has attempted to follow it.— is 

ex ceeding!y 


PREFACE. XxXiil 


c exceedingly probable. He cannot but hope, 
s chat, by the truly candid and philoſophical phy- 
s, Wl fician, he will be owned to have opened up a new 
h path for medical inveſtigation, which, in pre- 
xx Ml ference to almoſt all others, deſerves to be inſtantly 
y and dibgently explored. 
of 5, In regard to Lime and the Fixed ATK ALIS, 
y, but, eſpecially in regard to Lime,—he has ven- 
In tured to propoſe a doctrine, which, though bold 
he and new, is certainly ſupported by many facts and 
to analogies. He has not, indeed, poſſeſſed ſufficient 
be advantages for making thoſe deciſive experiments, 
ſs, by which the truth or futility of this new doctrine 
/m muſt be finally aſcertained. He has, however, 
pointed out thoſe experiments with a plainneſs of 
of Wl indication, which may render it very eaſy for any 
m- MW chemiſt who poſſeſſes a laboratory and the 
ine other requiſite advantages, to perform them. — 
ifi. lf the identity of Lime with Oxycen ſhall 
1e- MW be proved; it will produce a change in all 
the chemical ſcience, little leſs important and admira- 
ity ble, than the greateſt of thoſe which have reſulted 
ew from the reſearches and diſcoveries of chemical 
ife, Wl philoſophers, in the courſe of theſe laſt thirty 
the years. But, experiments are by ninety-nine out of 
hat very hundred Chemiſts, performed imperfectly, 
and obſerved with fo little of true, ſciEntific vigi- 
lance, that, it will give little ſurprize to the Au- 
tior of this doctrige, —if the experiments which 
SS he 
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he recommends, ſhould be often tried, without 
appearing to yield thoſe reſults which he earneſtly 
expects from them. 

6. Since the diſcoveries of Lavorsttr, were 
received, as genuine ſcientific diſcoveries ; various 
attempts have been made to evince, that they 
wanted the. merit of originality, Rey, Hale, 

Black, Prieſtley, Cavendiſh, and more lately 
Mayow an Engliſh chemiſt of the laſt century, 
have been affirmed to have been the true Au- 
thors of all that was /ub/tantially valuable in the 
diſcoveries for which LAvolsiER had been praiſed, 
Such attempts, ſo far as they are invidious, de- 

4 ſerve the warm reprobation of every true friend to 

4. genius and ſcience; ſo far as they have been 

1 prompted by the ingenuous philoſophical curioſity 

ol tracing the progreſs of human opinions, and the 
ſlow maturation of uſeful diſcovery,—they deſerve 

KY the higheſt praiſe. Under the influence of this 

fl Y laſt principle, the Author of the following Work 

15 5 has endeavoured, with ſome pains, to aſcertain, 

a how far Lavoisies had becn anticipated, in his 

=. diſcoveries, by others? He has, in this reſearch, 
found, in a book that, for the knowledge which 
ji it contains, for the eloquence which it breathes, 
and on account of that grand ſcientific effort to the 
honour of which it is conſecrated, —ought to be 
in every perſon's hands; —he has found—even in 


SPRATT'S HisToky of the RorAL SOCIETY, an 
account 


ordinate poſitions dependent on thoſe two lead- 
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account of a Theory of Combuſtion, not merely 
akin to that of Lavoiſier, but, preciſely, identically, 
indubitably the ſame ; a theory ſupported, too, 
by the indication of a train of experiments not 
leſs ample, than that of the French Chemiſts, It 
is not poſſible, that this Theory and the experi- 
ments indicated for its ſupport, ſhould have been 
unknown to the French Academicians, It is 
aſtoniſhing, that its exiſtence and its coincidence 
with that of Lavoiſier, ſhould not have been ſooner 
popularly pointed out. | 

7. Of the admirers of the writings, the inven- 
tions, and the ſcientific ardour of Count RumrosD, 
—the Author of the following Work, is one of the 
moſt zealous, and the moſt reſpectful. Bur, 
Count RumFoRD himſelf has, evidently, no other 
deſire, than to aſcertain the truth of ſcience in 
reſpect to the ſubjects of his inveſtigation,—and to 
apply that truth as happily as poſſible to the prac- 
tice ofithe Arts, and the uſes of Life. The Au- 
thor of this Work, therefore, has not ſcrupled to 
controvert ſome of the doctrines of that Philoſo- 
pher, which, though generally received, ſeemed 
to be entirely erroneous. Theſe doctrines are— 
that which repreſents water, as a non- conductor 
of heat, with that which ſeems to repreſent Heat 
as only a modification of motion, — and /ome ſub- 


ing 
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ing ones. Perhaps, that which is here ſtated, 
will be confeſſed to have ſhewn, that the conteſted 
doctrines cannot be true. The views and argu- 
ments ſuggeſted, will be found to poſſeſs their 
ſhare of novelty. It may at leaſt be hoped, that 
the attempt cannot give offence. 
8. The phœnomena of ELETRIcrrY have 
been obſerved with conſiderable diligence. Yet, 
the compoſition and intimate nature of the Electric 
Fluid have been, as yet, but little ſtudied. Ob- 
ſerving, —thart, in the flaſhes of lightning and of the 
electric ſpark, there is certainly, Light,—that, in 
combuſtion by lightning, there is, certainly, an 
action of Fire, —and that none of the other phoeno- 


mena of Electricity, are incompatible with the idea 


cf its being a compound of Light with Heat, 
under a particular modification : the Author has, in 
the following work, repreſented Electricity as being 
probably of this compoſition; and he very 
anxiouſly wiſhes, that the attention of Chemical 
Philoſophers could be turned to a more accurate 
examination of this ſubject. Jy 


Theſe are the moſt remarkable particulars in 


which the following work claims the merit of ori- 
ginality of Science. Its Author has ever been of 
opinion, —that, nothing can be more fatal to genius, 
than plodding over mere compilations, that no- 
thing can be a ſurer proof of dullneſs, than 2» 

be 
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be acquainted with many topics of knowledge, 
without ever having the energies of your own-mind 
kindled, while you contemplate them, to generous - 
efforts of invention. He will readily confeſs, 
that, if there be not ſomewhat of a ſpirit of ori- 
ginality breathed throughout the whole of his 
Work,—it cannot be fit to put into the hands of 
the young Chemical Student. 

VII. In teaching every branch of knowledge, 
it ought to be a primary object with us, to teach 
it, ſo, as to improve and invigorate for all com- 
mon purpoſes, the REASONING FACULTIES of the 
mind, But, thoſe ſtudies which deſcend very 
much into minute details, and dwell, as it were, 
among theſe, almoſt alone, —have been obſerved, 
rather to enfeeble, than to invigorate and enliven 
the Reaſoning Powers of thoſe who cultivate 
them. With NATURAL HisToRryY, notwithſtand- 
ing the beautiful Order and Abſtractions of the 
Linnæan Arrangement, this is, eminently the 
caſe. Chemiſtry, too, while it deals chiefly in 
details, without ſyſtem, or in wild unſubſtantial 
theory, muſt be equally unfavourable to all habits 
of ready and cloſe ratiocination. While its pro- 
ceſſes of Syntheſis or Analyſis, took little or no 
notice of inſipid reſidues or of gazeous products; 
it tended to confound all the diſcrimination, and 


the inductions of Logic. In its modern ſtate of 
improve- 
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improvement, Chemiſtry has become more ca- 
pable of being taught in ſuch a. manner as to 
exemplify the beſt perfection of reaſoning, and to 
habituate the mind of him who ſtudies it, to the 
beſt uſe of his reaſoning faculties, Nothing 
eſcapes obſervation: Every thing is now eſti- 
mated with the utmoſt preciſion which it is 
poſſile to uſe, while we have to do, not with 
Relations, as in Metaphyſics and Mathematics, but 
with Exiftences. The laws of Chemiſtry, and its 
language, are leſs remote, than thoſe of Mathe- 


 matics, from thoſe of the buſineſs of common 


lie: And habits of reaſoning apt to prove 
uſeful in the world, are, therefore, to be acquired IM | 
more eaſily from the former of theſe ſciences, than IM 
from the latter. —Theſe ideas have been con- 
ſtantly preſent to the mind of the Author during 
the compoſition of the following work. He has i ; 
endeavoured conſtantly to combine facts cloſely Ne 
with principles, to keep the mind of him who f 
ſhall peruſe this Work, ever awake to the Ana- e 


His, to the Induction, to the Synthetic ſubjection Ne 


of particulars to generals, through which the 2 


train of the compoſition, naturally conducts. He il 
has endeavoured to avoid all thoſe lengthened ſeries 8 
of Abſtraction, thoſe refinements in Speculation, I ic 
during which the mind is apt to be bewildered for ¶ pc 
- want of that frequent reference to particulars, ex 


without 
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without which, it can never think with clear, ener- 
getic intelligence. On the other hand, he has 
ſtriven to avoid thoſe prolix details of uncombined 
facts, in the explication of which, the mind 1s not 
neceſſarily prompted to abſtraction and generaliza- 
tion, If he do not exceedingly miſtake, the learner 
who ſtudies Chemiſtry in books unfolding it in this 
manner, will find the true uſe of rational Logic, to 
de more perfectly acquired in this, than in almoſt 
any other ſtudy. | 

VIII. It is not at all—to be ie the Syſtems of 
Chemiſtry, which have been, hitherto, ſubmitted 
to the World, in 'Engliſh,—to affirm,—that STYLE 
had very little of the regard of their Authors, in 
their compoſition. The ſame thing may be ſaid 
of almoſt all thoſe books which treat of the Phyfical 
Sciences. Now, in every ſpecies of compoſition, 
propriety and perſpicuity of STYLE, muſt ever be 
of the utmoſt importance. They make abſtruſe 
ſcience 1nfinitely eaſier and more pleaſing: They 
give a charm, even to what is frivolous and 
empty. The Phyſical Sciences, properly underſtood 
and explained, are not more incapable, than the 
Moral Sciences, of this propriety and perſpicuity of 
STYLE in the explication of them, of which we, 
here, ſpeak. In the progreſs of the Arts of Com- 
polition, ſome happy ſpecimens of this have been 


exhibited. Why ſhould not CataisTayY, as well 
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as that which is called Natural Philoſophy, have its 
ſhare in thoſe advantages? It was the wiſh of the 
Author of the following Work, to give his book 
the advantages of conciſeneſs, perſpicuity, and pro- 
priety of STYLE. The reader who carefully 
peruſes it; if he ſhall eaſily underſtand the ſen{, 
and ſhall find it to poſſeſs, in a reaſonable degree, 
that livelineſs and thoſe attractions, which lan- 
guage and ſtyle have to beſtow, will be beſt able 
to decide concerning the Author's ſucceſs in re- 
gard to this object. | 

IX. A laſt, though perhaps not to every one, 
the leaſt conſideration, is, that, as elementary 
Books ought to be, this work has been contrived 
to contain the greateſt poſſible quantity of matter, 
in the ſmalleſt yolume into which that matter 
could be eafily condenſed. There exiſts not at 
preſent, in Engliſh, any other work upon Che- 
miſtry, in which the ſtudent may find ſo much in- 
formation within ſo little reading, and at fo ſmall 
an expence. This argument comes ſo directly 
home to men's pockets and hear ts, that, to en- 
large upon it, were needleſs. 

On the whole, it is not meant to inſinuate, that 
the following Work has not many faults, which the 
intelligent reader may eaſily find out. It only ap- 
peared neceſſary to ſhew the expreſs deſign of the 
Author, and the grounds on which he would wiſh, 

in 
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in this work, to eſtabliſh his claim to public atten- 
tion. lnaccuracies in language, errors in facts, vani- 
ties of theory, deficiencies and redundancies, ſome- 
times diſorder—and ſometimes pedantry—of ar- 
rangement, will, no doubt be eaſily diſcovered in the 
courſe of this work. Yet, if its judges were to be 
the only candid and judicious ; perhaps, the Author 
would have. little reaſon to dread extreme ſeverity 
in the ſentence, 
London, 
fan. 14, 1800. 


R. HERON. 
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261] Biſmuth — — — NY "A TE. SS Ar ps — 8 Low — 1 * — — — Amalgams of Biſmuth, 
27 Nickel „ — — 1 285 * 8 * on de 1 — 4 WE. — — — Amalgams of Nickel. 
28 |] Manganeſe — — — wes: ' =—_w A ganeſe, | — — a * — _ | Amalgams of Manganeſe. 
Fs | wg Oxyde of Anti- | A | f Anti 
29 Antimony —— _ —— 1 hers — mon 7. N — — — — — — | ma gams 0 atimony. 
30 Zine | 3 A 3 — — — | — — Oxyde of Zinc, | n * 3 FER 8 8 | Amalgams of ine. 
3 [1 Mercu 74 — — * _— 18 ä IT Coen of Mercury — — — — 2 —— — ö Amalgams of Mercury, 
321| Tin 7 6 3 _ _—_ mY | _ = 9 5 of Tin. | | — wok 4 — mw = | Amalgams of Tin, 
3 Lead 3 3 3 — — — — a 0 _ of Lead, | — cos „ — — * | Amalgams of Lead. 
f — 8 58 8 ants — — | _ — Oxyde 2 9 | — = A + | — — * Amalgams of Iron. 
* ks 3 Ho 885 1 2 opper. — FOR | — — * Amalgams of Co 
— — 1 3 hits _ b _ 3 ONE * — of Silver, | — 2 ke | — — 180 Amalgams of $1 __ 
- Gold — — "TE 8 TY N * ery of Gold, | — Fl 2 | — — — Amalgams of Gold. 
37 Platina — — — Ser 8 Ll | TE TY 88 of Platina. — — * | * — — Amalgams of Platina. 
7 Uranice * _ 888 Wo _ — — 3 — os — | — — =D — — 
— — — —— — * * ö — | 5 
go [Svlvanite — — 8 nite. * | 5H £4, 5 8 Gy * | Amalgams of Sylvanite, 
— — ow — 8 
VII. VIII. IX, 


| GENERA OF THOSE WHICH ARE CAL- 
LED NEUTRAL SALTS,—-COMPOUNDS 
OF THE ACID COMPOUNDS OF OXY- 


IMMEDIATE PRINCIPLES OF VEGETA-| 


BLES,—ALL OF WHICH ARE COM-|1\,uiemate PRINCIPLES OF ANIMAL | 


POUNDS OF HYDROGEN, CARBON, BODIES, 
OXYGEN, WITH AZOTE—IN CERTAIN | GEN, WITH ALKALIS, EARTHS, AND 
| INSTANCES. - : | METALS. 
1. Extract: Carbon, Hydrogen, Azote, | 1 ) Hydrogen, Carbon, Azote, [| rus oute NAMES ARE TAKEN FROM 
and Oxygen, 2 impregnated THE ACIDS, 
2. Mucilage : — — : Iron, &c. 1. Sulphates of Potaſh, Soda, Ammoniac, &c, 
3. Sugar; Carbon; Hydrogen, and Ox- || 2. Mi Hyd * and Carbon, with 2. Sulphites. 
| B a large addition of 3. Nitrates, 
| 4. Vegetable Acids: Mulas , Carbon, and Ox- | Alkali. 4. Nitrites. I» 
ygen, | e and Carbon, with . Carbonates. 
Succinic Acid. | arge proportion off] ö. phoſphates. 
Citric Acid, | Oxygen, 7. Phoſphites. 
Gallic Acid, | 5- U 2 Carbon, Oxygen, 8. 1 
Malic Acid. Azote, with Lime and 9. Arſenites. 
| Benzoic Acid, Phoſphor. 10, Tunſtates. 
| 5 Tartareous Acid. | 6. Acids, Hz dagen, Carbon, Azote, * Molybdates. 
. | Oxalic Acid. | Oxygen. . Muriates. 
8 Camphoric Acid. Ladie Acid. > Oxygenated Muriates, 
Pyro-tartareous Acid. | Saccho-laftic Acid. | 14. Borates, 
- Pyro-mucous Acid. Sebacic Acid. 15. Fluates 
Pyro-Ligneous Acid, Lichic Acid. - 16. Succinates. 
Acetic and Acetou⸗ Acids. Formic Acid; | 17. Citrates. 
Cortic Acid, Bombic Acid. 18. Gallates. 
6+ Fixed Oil Carbon, Hydrogen, a fmall | Fruſſie Acid. | 19. Malates. 
proportion of Oxygen. | | 20. Benzoates. 
6. Volatile Oil, — — | 21, Tartarites» 
7. Aroma, — — | boy Oxalates, 
8. Camphor, Carbon, Hydrogen. | 23. Camphorates. 
9. Reſin, Carbon, Hydrogen, Oxygen, | | 24. Pyro-mucites. 
in a conſiderable pro- 25. Pyro-Lignites. 
| portion. | 26, Pyro-Tartarites. 
10. Balſam, Carbon, Hydrogen, Ox- | 27. Acetates, 
gen, in acidi ed com- | Acetites. 
| inat ions. | 29. Lactates. 
11. Feculum, Hydrogen, Carbon | 30. Saccho-Lactates. 
| 12. Gluten, Hydrogen, ien. Azote. | 31. Sebates. 
. 13. Colouring Mat- | 32. Lithzates, 
ter, | 33. Formiates. 
14. Gum Elaſtic, ydrogen, Carden, ape 34. Bombistes. 
- Oxygen, 35- Pruſſiates. 
I 4 Lignum, 
Alcohol, Hydrogen, Carben, Oxygen. t | 
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BOOK FIRST ; 


YPLAINING THE GENERAL NATURE; THE BENEFL- 
CLAL USES; AND THE HISTORY OF THE SCIENCE 
OF CHEMISTRY. 


err err rn nee —_—_—— 
SECTION FIRST. 


GENERAL NATURE OF THE SCIENCE OF CHEMISTRY. 


HEMISTRY may be defined, That Science which inveſ- wor E 
pales and explains the lawws of that attraction which takes pans 


ice betzween the minute component particles of natural bodies; 1. 
t not thoſe of the attraction of gravitation, which —— 8 


nown to act between ſuch bodies, only in the ratio of 
der reſpective maſſes. 


Between chemical attraction and the attraction of gravi- & 
tion, there perhaps ſubſiſts in nature, ſome ſecret gays OI 


ion which has hitherto eluded the reſearches of philo. 'ween che- 


mical and 


bers. It may one day be diſcovered, that both theſc general at- 
ccies of attractioꝝ belong to the ſame great, ultimate law rackion. 


nature. ‚ 


Chemiſtry has been defined by others ““ A ſcience | Sr 
naccurate 


which the object is, to diſcover the nature and proper- definitions 
6 of all bodies by means of analyſis and ſyntheſis “ — of chemi- 
"FF A « That 


* 


2 General Nature of the Science of Chemiſtry, 


1 4 That ſcience which explains the intimate mutual 
LR of all natural bodies ;”— A ſcience which examines 2 
aſcertains the changes effected upon natural bodies by 

operation of heat,” &c. But, none of all theſe definition 

ſeems, either to deſcribe the powers of the ſcience of c 

miſtry with due comprehenſion, or to limit its fu 4 

with ſufficient preciſion, 4s 

1 abe * All material bodies are the ſubjects of chentical reſeard 
bf chemiſ- The ſolid matters compoſing the terreſtrial maſs of th 
1M. globe; the aqueous fluids which penetrate its cavities, 
float upon its ſurface ; the rial ſubſtances circumfuſed 

a remoter diſtance from the centre; the fires which war: 

the light which irradiates; all inanimate, unorgani 
matters; are as properly the ſubjects of the chemiſt's ſtud 

as of that of the natural} who remarks the diverlitiest 

their exterior appearance, or of the natural phileſopher v 

conſiders in what manner they are influenced by the | 

of general attraction. Even when moulded by the plal 

hand of nature, into the organic forms of vegetables ; wit 

endowed with thoſe powers of growth and irritability! 

which vegetative life ſeems to conſiſt : ſtill matter puts i 

off thoſe qualities which chemiſtry delights to exam 

nor ceaſes to be ſubject to thoſe laws which it is 2: bv 

neſs to aſcertain, Organized into the forms, and inſpin 

with the breath, of animal life; matter, in its minute co! 

ponent particles, ſtill remains ſubject to chemical att 

tion. While the ſap ſwells the buds, and expands 

leaves, of the tree; while the blood cirtulates through 

| veins of the animal: vitality may predominate over che! 

cal attraction, and wield it to its uſes ; but never deſtro 

it. When in the vegetable or animal, the principle of 


is extinguiſhed ; the laws of this attraction then relut 


„ 
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cir rights, and quickly diſſolve the organization of the BOOK I. 

ply; So mighty are the powers | ſo vaſt the province of & 

\miſtry ! ſtill graſping matter, amid all its infinite chan- 

; of form! comprehending all that is in the univerſe, 

re the pure energies of intellect, alone | 

In examining the laws of that attraction which takes 5. 
Obfervation 

ace between the minute component particles of theſe bo- and experi= 

es, chemiſtry employs either ſimple 0BSERVATION, — I 

xrative EXPERIMENT. It either obſerves the proceſſes the inveſti- 

hich are inceſſantly taking place in the great laboratory —_ 

nature ; or inſtitutes, of purpoſe for this or that diſco- ſeience. 

ry, new proceſſes of its own. When I obſerve, how 

e clouds are efluſed in rain, how the torrid heat of the 

a withers the verdure of the fields, how water is con- 

aled to ice, how metallic ſubſtances often loſe their luſ- 

e, aud are corroded away in the open atmoſphere; in all 

eſe inſtances, I then acquire chemical knowledge by ſim- 

2 OBSERVATION. When, again, I kindle a fire, that I may 

it act upon ſome combuſtible matter; when I immerſe 

ſolid in a fluid, that I may diſcover whether the ſolid 

il be diſſolved, in conſequence of the immerſion; when 

attempt to meaſure the heat of the atmoſphere by an in- 

ument; in theſe and other ſuch caſes, I inveſtigate che» 

ical truth by EXPERIMENT. Of the chemical knowledge 

quired by elſervation, every man poſſeſſes more or leſs. 

y imple ob/ervation alone, even a very extenſive know- 

ge of the chemical qualities of bodies may be obtained. 

But, mere, unaſſiſted obſervation is ever, ſo inaccurate, fo 6. 

ect to accident, and ſo little capable of accompliſhing — 


continuous and connected plan; that chemical reſearch principal 
ot always aſſumes the form of ExyERIMENT. The n for 


ad- 
ary mult be conſtructed ; the furnace muſk be kindled: nh 
A 2 up; WW 


= 
4 General Nature the Science of Chemiſtry. 


2 I. up; the water-bath, the ſand- bath, the cinder- bath, &c. 
=) mult be interpoſed between the naked fire, and the body 
under examination; cupels, crucibles, aludels muſt be em- 
ployed ; the thermometer, the pyrometer, the hygrometer 
mult correct the callouſneſs and inaccuracy of ſenſation; 
the air muſt be meaſured out in bottles, and the winds 
muſt be weighed in a balance; in order to our making | 
any uſeful progreſs in the ſyſtematical knowledge of che- 
mical ſcience. Even where ſeries of - experiments have not 
been regularly inſtituted, by ardent philoſophical enquiry 
into this branch of knowledge; yet, ſtill, the greateſt ſtores 
of the moſt important chemical truths, have, even in ſuch 
ſituations, been derived from experiment. The arts of the 
miner, and of the metallurgiſt, furniſhed much experimental 
chemical knowledge, before chemiſtry had yet begun to be 
proſecuted as a ſcience, Many of the moſt important che- 
mical truths have been diſcovered, in conſequence of ex- 
periments inſtituted for the improvement of the ſcience of 
natural philoſophy, or in order to aſcertain ſome curious 
fact in natural hiſtory. But, only ſince experiments have been 
_ multiplied with views directly and preciſely chemical; only 
ſince even the ſimpleſt and moſt obvious ether vations have 
been made with all the preciſion and care of artificial ex- 
periment ; has chemiſtry begun to aſſume its proper and 
truly exalted rank among the phyſical ſciences, | 
* PRE The experiments of chemiſtry have been uſually repre- 
ſyatheſis_. ſented as either analytical, and thus reſolving bodies of a 
how em- complex character into their firſt elements; or /yntheticel, 
ployed in | ; a , 
chemical and thus compounding ſimple ſubſtances into new combi- 
reſearches. nations. But, in truth, a perfect fnthefs, a pure and ſtrict 
nalyſis, is ſcarcely ever accompliſhed by the proceſſes of 
hemiſtry, We cannot diſſolve exiſtent combinations, 
without 


9 
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without at the ſame time effecting new ones: We cannot 2 


combine ſimple ſubſtances into a new union, without de- 
taching almoſt always more or fewer of them, out of com- 
binations in which they before ſubſiſted. When, for in- 
ſtance, any combuſtible body is diſſolved by ire; it is nei- 
ther annihilated, nor yet are its different conſtituent parts 
detached into a permanently ſeparate ſtate. Its very aſhes 
are a new combination, containing ſomething that actually 
exiſted in the burnt body before its combuſtion, with ſome- 
thing that has been, during the combuſtion, abſarbed from 
the circumambient atmoſphere. Of its other parts, ſome 
have entered perhaps into new aeriſorm compounds; ſome 
into new liquid compounds; and ſome, it may be, into new 
combinations in a fixed and ſolid form. Nature rarely 
preſents in a pure ſimple ſtate, any of thoſe ſubſtances 


which are recognized by. chemiſtry, as elementary. Nor 


can an earth, a ſalt, a metal be obtained pure and ſeparate, 


otherwiſe than by detaching into new combinations, thoſe * 


other matters with which it was naturally contaminated or 
united. Do I wiſh to analyſe any mineral water? Its parts 
are to be ſeparated from one another, by a long ſeries of 
proceſſes, eliciting them ſtill, one after another, out of their 
old combination, by preſenting new ſubſtances with which 
they may be more ſtrongly diſpoſed to combine. Do I 
defire to compound a ſoap for the uſe of the bleacher, a 
ſauce for cookery, a medicine that may diſpel diſeaſe ? Ma- 
ny partial analyſes are ſtill to be incidentally performed, 
while I am endeavouring to accompliſh fuch ſynthetical 
proceſſes. It is thus that /ynthefes and analyſes are conſtant- 
ly aſſociated together, as well in all the experiments of che- 


miſtry, as in all the reaſonings of the human underſtand- 
ing. In ſome very few and ſimple inſtances, analyſis may 
A3 be 


| - 
— A "I b 
I a en KC 
2 F - — = —- Ah 4 © 
I l 5 . 
—— 22 * = 
— . a ** ia. 
L G * 


4 "» *D < 
wy 
_— = 


Ft. * 
"th. 
a - 7 nw % 4 


A - 15 | > * I 
# S4# fork. 
- 1 


. 


„ 


1 To 
— — — 
«SL a. 7, = 
= = 
— LL 


* General Nature of the Science of Chemiſtry: Do 


BOOK 1 be accompliſhed without a concomitant ſyntheſis, ſyntheſis 


. without a concomitant analyſis. But, even in the moſt 


extenſive chemical experience, ſuch inſtances are wonder- 
fully rare. 

8. Employing thus its reſearches upon all material ſubſtan- 
ene duct ces; not {lighting opportunities for ſimple oborvotion, but 
aſcertained truſting much more to the accuracy and the conſecutive 
by chemiſt» ., 3 . 
ry. views of experiment; mingling analyſis with ſyntheſis, con- 

5g tinually compoſing and decompoſing : Chemiſtry gradually 
diſcovers the mutual affinities of all the bodies in nature. 
What ſolid ſalt will the ſooneſt diflolve in water? What 
metal will be the moſt rapidly melted and calcined by heat ? 
What does water give out or receive, when it is transform- 
ed into ice or into vapour? By what means ſhall this or 
that colour be permanently fixed in that piece of cloth, or 
be effaced from it? How ſhall I extract a rich liquor from 
theſe fruits? How ſhall I impregnate water with the juice 
of theſe herbs ? Of this nature are the problems which the 
ſcience of chemiſtry ſolves, concerning the ſubſtances upon 


which its reſearches are exerciſed. 


SECT: 


The Beneficial Uſes of the Science of Chemiſtry. 7 


SECTION. SECOND. 
THE BENEFICIAL USES OF THE SCIENCE OF CHEMISTRY, 


Cussusrur is not adapted merely for the amuſement of — 
the recluſe philoſopher. It extends itſelf into the provin- 
ces of active life. It is the nurſing-mother and guide of hemittry 
almoſt all the more uſeful and important arts. It holdsenters into 
out a light to irradiate almoſt all the other phyſical ſciences. the ve — | 
If the arts of common life be divided into the two claſſes ſciences and 

of the chemical and the mechanical; the former will be ſounlk 55 


to be greatly the moſt numerous, and not at all the leaſt 
important. | | 
Even that COMMON SENSE which every man is expected common 


to poſſeſs, in a greater or a ſinaller degree, comprehends, — —— 

agreeably to the ordinarily received idea of it, no ſmall — 

ſhare of chemical knowledge. The ſolvent power of li-leme ſhare 
of chemical 

quids ; the ſolubility of ſugar and common falt, with the knowledge. 

inſolubility of wood, ſtones, and metals; the more obvious 

relations between rain, ſnow, froſt, and ice ; the more ob- 

vious action of fire upon ſuch other bodies as are familiarly 


expoſed to its agency; the qualities of ſome of the moſt 


* a 
* 
2 


common colouring and detergent matters; are, all, things \ N | 
of which to be ignorant, would be accounted, in any grown | z 
up perſon, a want of common ſenſe ; and things, at the ſame 125 : 
time, which it is the proper buſineſs of chemical obſervation IN 
alone to teach. | 1. 
All thoſe arts which are employed in working up fossil. The arts oY 
BODIES into new forms, depend more or leſs upon chemiſt- ba Bo 5 ; 
ry. How ſhould bricks, tiles, pipes, porcelain, be baked, for —— +4 
and brought to a ſtate of hardneſs, in which they can benesetariy 1 

| - him 

Aa4 fit chemical. 5 

, * + * 
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200 I. fit for the uſes of architecture, or of kitchen and table fur. 
niture; if the perſons by whom they are manufactured, were 
ignorant of the chemical qualities of fire, water, and clay? 
Chemiſtry alone it is, which teaches the art of making g'aſs 
by the combination of an earth with a faline ſubſtance. 

Metals cannot be extracted from their ores, purified, and 
_ wrought, without the aid of chemiſtry. Without-it, how 
ſhould lime and fand, with the addition of water, be 
wrought into a cement fit for the purpoſes of architecture? 
How ſhould the combuſtible foftils be diſtinguiſhed, with- 
out the lights of chemiſtry, from the incombuſtible ? With- 
out its direction, fewel could not be dug out of our moraſ- 
ſes, or from the deeper bowels of the earth. 7 

Such 1c, In the ſame manner all thoſe arts are ſignally indebted 

are thoſe to the ſcience of chemiſtry, whoſe buſineſs it is, to work 

which have up for the uſes of human life, as well 'VEGETABLE 


for their 
ſubjecks, and ANIMAL, as FOSSIL ſubſtances. - Agriculture is, in 


8 an eminent degree, a chemical art. The uſes and the di- 
ſubſtances. verſity of manures; the influences of heat and cold, of 
drought and moiſture, of rains, ſnows, and noxious winds; 
the nature of ſoils; the ſtate of grains, whether freſh and 
hale, or decayed and fickly ; with a thouſand other parti- 
culars of which the ſkilful knowledge is indiſpenſibly ne- 
ceſſary to the truly able and intelligent huſbandman; are 
ſcarcely to be at all acquired withcut the aſſiſtance of che- 
mical ſcience. In the dairy, milk cannot be preſerved 
ſweet and freſh, butter cannot be made, cheeſe cannot be 
prepared, without a {kill, and without the uſe of proceſſes, 
which are wholly chemical. The gardener employed more 
curiouſly upon ſubjects nearly ſimilar to thoſe of the huſ- 
bandman, equally needs the chemiſt's direction. The na- 
| ture pri of Manures, whether for the garden or the 
field, 


The Beneficial Uſes of the Science of Chemiſtry: 


field, has begun to be much better underſtood, fince it has 


been illuſtrated by the chemical reſearches of Mr Kirwan, 
and of the Earl of Dundonald. The whole proceſſes of 


the vintage; the arts of the breaver and the diſtiller ; the 


preparation of cyder, perry, gooſeberry-wine ; the conſerv- 
ing of fruits, the making of jellies ; the arts of the ſugar- 


baker; and many others ſimilar to theſe; depend, all, upon 
chemical principles. All the arts and receipts of cookery, fall 


alſo, properly ſpeaking, within the province of the chemiſt. 
It is by a portion of chemical knowledge, we diſtinguiſh 
when animal food is to be dreſſed freſh ; in what manner 
ſalt preſerves it from putrefaction; how bacon and hams 
are to be prepared ; whit different ſauces beſt ſuit different 
diſnes; how frujts, and flour, and milk, &c. are beſt to be 
mixed by the paſtry-cook ; what fort of metals or earths, 
_ diſhes may be made of, without communicating any diſa- 
greeable taſte or noxious quality to the meats which are 
prepared in them. The art of Bleaching is entirely chemi- 
cal ; as is very remarkably evinced by the happy abbre- 
viation and improvement of its proceſſes, in conſequence 
of the lately adopted uſe of the oxigenated muriatic acid. 
Any perſon who ſhall peruſe the valuable works of Ber- 
thollet and of Bancroft, or ſhall inſpect the apparatus and 
the proceſſes of the dyer, will be at once convinced, that 
none but a good chemiſt can be a ſkilful artiſan in the art 
of dyeing. Vinegar is a product of chemical art. Such 
alſo is even meal. The drefling of leather, the manufacture 
of hats, the preparation of painters'- colours, and even the 
laying of them on, are alſo arts, in 2 conſiderable degree, 
chemical. a | 


In MEDIcIxE, very great benefit has ever been derived, . 3 * 
from the ſervices of chemiſtry. Pharmacy, which prepares cal ſciences 
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10 The Beneficial Ter of the Science of Chemifryc 


— the remedies preſeribed by medicine, cannot move a ſinger 
A Vithout the directions of the chemiſt. Chemiſtry alone 


Vithalltheir can explain the nature of all the ſubjects of the pharma- 


ſubſervient , . 
arts arc in- Ceutical art; what alterations theſe are liable to undergo z 


. d bted t . . . . 
_—_— ary. what new combinations may be produced by mingling 


them together. A proper knowledge of chemiſtry, is ne- 
ceſſary to prevent the phyſician from aſcribing to chemical 
influence, either too much or too little in the ceconomy of 
the human body, whether in health or in diſeaſe. No- 
thing but the want of this due knowledge of chemiſtry, 
could have led phyſicians, —at one time, to conſider the hu- 
man body, as nothing elſe but a little laboratory,—at ano- 
ther, to repreſent it, as merely an aſiemblage of the powers 
and inſtruments of mechanics. Both the ſolids and the 
fluids of the animal body, are fit ſubjects for chemical exa- 
mination, Chemiſtry is continually furniſhing new reme- 
dies to overcome and expel diſeaſe. Of this we have a- 
greeable proofs, in its furniſhing ſo many powerful coun- 
terpoiſons, and in the valuable medical uſes to which the 
æriform fluids begin to be ſucceſsfully applied. Chemiſ- 
try has now analyſed all the different parts of the animal 
body, as well as a very great proportion of animal pro- 
ducts in general: And it is hardly poſſible to relate how 
much medicine has been enlightened by the reſults of 
theſe analyſes. 
6. Among all the ſciences, there is none more remarkably 
_— indebted to chemiſtry, for the illuſtration which it yields, 


its branch- and the various benefits which its confers, than that very 
t- Fl . 
ly indebted extenſive and important one, NaTURaL Hisroxr. By 


to chemiſ- merely inſpecting the exterior appearances of bodies, the 


92 naturaliſt could rarely obtain all that knowledge of them, 


which is requiſite for the purpoſes of his claſſifications. 
Compare 
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Compare the ancient arrangements of mineralogy, with BOOK IL 
thoſe which have been framed, ſince chemical characters S272: 
have been employed to aid the imperfections of thoſe 

which are merely phyfical ! The former are ſcarcely intel- 

ligible, are confuſed, and of little uſe ; The latter are readi- 

ly underſtood, poſſeſs the beauty of order, and communi- 

cate a knowledge ſignally uſeful; whether we deſire to em- 

ploy this or that foſſil in the uſes of life, or to proſecute. 
inveſtigation to ſome general inferences concerning the 
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ſtructure of this earth, and the nature and arrangement of 9985 
its ſtrata.” Are we to conſider the natural hiſtory of the 5 

waters, of the air, of vegetable nature? ſtill muſt chemiſtry * 

furniſh more than half the facts, which it is the buſineſs of ens 
the naturaliſt to regiſter, concerning all theſe matters. As 775 
little can the betaniſ properly explain the origin of the ſap 7075 
in trees, and the nature of the nutriment of plants, with- * 
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out knowing what chemiſtry teaches upon theſe ſubjects. 
How beautiful are thoſe chemical experiments of Ingen- 

honſze and ſome later inveſtigators, which ſhew the differ- 

ent effects of light and darkneſs upon the perſpiration and 

the atmoſphere of plants ! Even in zo/ogy, chemiſtry will 

be found to afford confiderable aid, towards the inveſtiga- 

tion of various facts, in the general ceconomy of animals, 

in the examination of animal exuviz, and eſpecially in re- 

ſearches concerning the diverlity of the food and exterior 

coverings of the different ſpecies, as well as concerning the 
diſeaſes to which they are reſpectively liable. 

Nay, that grand branch of phyſics, which has been, by 3 
way of eminence, denominated Natural Phbilgſaphy; how- ral philoſo- 
ever its votaries may exalt it, as ſuperior to chemiſtry, and 8 
altogether independent of it; is nevertheleſs often aſſiſted chemiſtry, 
and enlightened by helps which the ſcience of chemiſtry 

can 
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— can alone ſupply. Conſider the different provinces ot 
=} hydroſtatics, pneumatics, electricity, optics, magnetiſm ; 
how often ſhall you find chemical facts and principles ne- 
ceflary to be introduced for the ſupport and illuſtration of 
| the truths of natural philoſophy ? | 
. Indeed, throughout all the wide range of ſcience; in al- 
ſcience is moſt all the ordinary practice of the uſeful arts of liſe; 
uſeful for , 3 . 
the im- that accuracy of inveſtigation which chemiſtry teaches, 
— ment and many of thoſe grand truths which it has diſcovered 
all ſcienti- | Wa 
fic reſcarch will be found of eſſential utility. Its intuition, its power 
in general. ſeem to pervade the whole material world. Even poetry, 
as has been admirably evinced in Dr Darwin's Botanic 
Garden, neither rejects the materials which this ſcience of- 
fers, nor refuſes to adorn them with its faireſt embelliſh- 
ments. a | 
33 Chemiſtry, it muſt be confeſſed, derives in its turn, in- 
Chemiſtry is 2 
bencfitcd by finite advantages from the other ſciences and arts. From 
2 — —_ obſervations made in common life, from the manipula- 
arts. tions of the arts, from the experiments and diſcoveries 
| made in the proſecution of the other ſciences, has this 
great ſcience gradually taken its riſe. The various arts, 
and the ſeveral other branches of phyſical ſcience, are con- 
ſtantly contributing new diſcoveries of the higheſt value, 
to enlarge the vaſt body of chemical truths. 


SECTION 


 Hiftory of Chemiſtry. 


SECTION THIRD. 


HISTORY OF CHEMISTRY. 


r3 


Nor formal chemiſtry as a ſcience or an art, but the BOOK 71. 
knowledge of ſome of 'the moſt obvious chemical facts, . III. 


muſt have been coeval with the earlieſt exerciſe of the in- 
duſtry and ſagacity of man upon the earth. Kindling 


tar; the ANTEDILUVIANS, in theſe, and ſuch other fimilar 
rude arts as they practiſed, neceſſarily acted with ſome 
ſhare of chemical intelligence. Tubal- Cain is related to 
have been a worker in metals. Noah muſt have had not 
a little chemical knowledge to enable him to preſerve the 
requiſite ſtores of proviſions in the ark, during the deluge. 


Antediluvie 
: : F an chemiſ- 
fires, moulding clay, hammering metals, tempering mor-try. 


The fame Noah, when he preſſed wine from his grapes; Chemiltry 


his defcendents, when they prepared a particular cement of the Egyp- 
for their buildings on the plain of Shinar; the patriarchs'*** © 


whea they made cheeſe and butter from the milk of their 
flocks in Syria; all exerciſed arts out of which chemical 


{ſcience was gradually to ariſe. In Egypt, the embalming 


of the bodies of the dead; perhaps thoſe myſterious arts 
which the magicians practiſed in emulation of the miracles 
of Moſes ; various preparations connected with the agri- 
culture, with the architecture, with the dyeing of the E- 
GYPTIANS ; and, it may be, ſome branches of knowledge, 
and ſome modes of art which have been loſt in the hiero- 
glyphics of their prieſts; formed an aſſemblage of chemical 
facts, principles, and rules, which muſt be owned to have 
compoſed ſomething like a body of rude ſcience, From 


the Egyptian Hermes, chemiſtry was afterwards to receive 
the 
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14 Hiftory of ChemifttH. 
zoon the appellation of the bermetical pi HH. Moſes in tlic 
— wilderneſs, is by ſome ſuppoſed to have diſſolved the 

golden calf by a chemical proceſs which he had learned 

among the Egyptians. Thoſe ſceptics who would per- 

ſuade us to refer his miracles in general, ſolely to an ex- 

traordinary inſight into the powers and relations of natu- 

ral cauſes, muſt. be obliged to ſeek the origin of many 
= - more of them in his {kill and dexterity as a chemiſt. 

| 5 The arts, and the phyſical philoſophy of the Greeks 

| Of the which was till Socrates aroſe their favourite ſtudy, neceſ- 

| 1 885 ſarily involved a conſiderable ſhare of chemical knowledge. 
| Thales of Miletus regarded water as the prime element of 
| | nature. Democritus of Abdera is ſaid to have conſumed 
his life in the ſolitary ſtudy of plants and precious ſtones. 

The work of Theophraſtus upon gems, is one of the moſt 
valuable remains of ancient ſcience. Not a little of the 
phyſical reſearches of Ariſtotle, appears to have been of a 

| chemical caſt. The preparation of oils- and wines by the 

| Greeks of the iſles, and of the Aſiatic and European con- 0 

tinents; their uſe of detergent earths in cleanſing and 2 
ö | whitening their ſullied garments; the colours of their a 

pa.inters, the cements uſed in their architecture; their veſ- 

| ſels baked -of common clay ; their uſe of pitch and bitu- 
mens; their working of ſilver mines, and their purification 
of the ore to malleability ; were all, ſo many chemical arts 
which they cultivated in conſiderable perfection, although 
they cannot be faid to have as yet combined and generaliſ- 
ed them into chemical ſcience. 
0 Partly prior to the Greeks, and in part contemporary 
— ood 3 with them, flouriſhed another celebrated nation, to whoſe 
Carthagini- ingenuity and toils the chemical arts were perhaps till 
8 more indebted. Theſe were the ProenIcians, the firſt 
: commercial 
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commercial nation of antiquity, who explored the wide ex- . — 
ECT, * 
— 


panſe of the Mediterranean fea, and eſtabliſhed an inter- 
courſe of traffic between the Eaſt and the Weſt. They 


firſt invented the art of tinging garments with a purple co» | 


louring matter, the blood of a ſpecies of ſhell-fiſh. They 
firſt wrought thoſe Britiſh tin-mines which ſupplied a me- 


tal, in thoſe days, peculiarly valuable, becauſe few metals 


were yet known, and becauſe but ſmall quantities of thoſe 
few had been hitherto wrought up for the uſes of life. 
Glaſs was alſo of their invention. They, too, taught the 
arts of conſerving the fruits of various plants, and of pre- 
paring balſams and uſeful extracts from others. Their co- 
loniſts, the Carthaginians, learned, and practiſed, and taught 
all their arts. By the commerce of the Pheœnicians and 
Carthaginians, thoſe arts were gradually diffuſed through- 
out the ancient world. The Greeks were, in very many 
things, merely their diſciples. 


The Romaxs were not diſtinguiſhed among the nations Or 13 Ro 
of the ancient world, as diſcoverers in the arts, or inven- mans : 


tors in ſcience. But, when their conqueſts had fubjugated 
almoſt all the civilized parts of the earth under their do- 
minion ; other nations were then proud to practiſe all their 
moſt ingenious arts for Roman accommodation; and glad- 
ly taught them to the ſons of Rome. In all the arts re- 
quiſite for the preparation, the preſervation, the cooling, 
the mixture of vinous, and even of other fermented liquors, 
none were more eminently {killed than the inhabitants of 


Rome and Italy in the days of Pliny. Almoſt all the me- 


tals were known to them in all their various degrees of 
purity. Cslumel/a and the other writers on rural affairs, 
have recorded their ſkill in the application of manures to 
improve, by their chemical virtues, the fertility of the fails 

: which 
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which were cultivated. - The remains of their aqueduQ.: 


. other works of architecture, evince the incomparable: 


6. 


Of the Ara- 


brans : 


perfection of their cements, A great variety of faline ſub- 
ſtances were well known to them. How much chemical 
and mineralogical knowledge was there not implied in the 
bare uſe of the incombuſtible, aſbeſtine linen, to preſerve 
the aſhes of the dead, in funeral cremation, from being 
confounded with thoſe of the wood of the funeral-pilc ? 
With bath-waters, too, they were not unacquainted : And 


in the pharmaceutical preparations employed by theixg me- 


dicine, there was, undeniably, a confiderable uſe of chemiſ- 
try. Who can read Horace, or Martial, or any other Ro- 
man writer that takes occaſion to deſcribe, or even to al- 
lude to, the operations of their cookery, without being a- 
muſed, if not aſtoniſhed, to perceive that very great chemi- 
cal {kill was unavoidably neceſſary to their cooks, to the in- 
ventors of their ſauces, and to the Epicures who were {kil- 
ful judges of their exquiſite diſhies? 

But, the arts, the ſcience, and the literature of the Ro- 
man world, were deſtined to ſink into rudeneſs, obſcurity, 
and oblivion, Hoſts of Barbarian conquerors deſcended 
upon it, from the regions of the North : And the energics 
of civilization were withered at their touch ; and its'works 
were deſtroyed before them. The conquerors of the Weſt 
were long too rude and ſavage to cultivate chemiltry or 
any other ſcience. In the Eaſt, the Lower Greek Empire 
was not overthrown, till after the Arapian diſciples of 
Mahomet had begun to rivals the ſcience and the arts of 
thoſe whom they accounted it piety, to ſubdue. 'The wealth 
of all Aſia was, in conſequence of the Arabian conqueſts, 
collected to the ſeats of the caliphate, on the banks of the 


Tygris and the Euphrates. Such an accumulation of 


wealth, 


ti 


te 


Hiftory of Chemiftry. 2 
wealth, Rimulated luxury, revived the arts, and kindled BOOK I. 1 


the curioſity of ſcience. The aſtronomy, the medicine, Ce; 2. 
the chemiſtry of the Greeks were eagerly cultivated at 9272 
Bagdad and at Damaſcus, under the Abaſſid dynaſty of * 
the ſucceſſors of Mahomet. Aaron Alraſcid, contempo- 30 
rary with the European Charlemagne, is ſaid to have pro- Ty 
cured the tranſlation into Arabic, of ſeveral Grecian works J 
upon chemiſtry. Chemiſtry now began to be cultivated as 3? | 
a diſtinct and particular ſcience or art, the buſineſs of which *% 


was, to inveſtigate the reſpective natures of ſalts and of me- 
tallic ſubſtances. The Perſian Gebber compoſed various trea- 
tiſes upon chemiſtry conſidered in this character. On diſ- 
tillation, on the calcination, on the reduction, and on the 
ſolution of metals, he has written with conſiderable perſpi- 


2 


2 - x 2 a 

9 'S. 1 Ea? 

e $7 "5 " * 

4 A. 1 * ** = 4 o 4 
* wa 4-7 4 *- 14 


cuity. Rhazes, phyſician to the hoſpital at Bagdad, in the 8 
tenth century, applied chemiſtry to medicine by ſome phar- * ; 
maceutical preſcriptions, which are ſtill held in eſteem. Wh 
Avicenna, in the ſucceeding century, imitated the chemical # 
practice of Rhazes. | 13E 
It was more probably by the Italian merchants who con- . | = : 
ducted the commerce between the Eaſt and Weſt, or per- — — 55 
haps by the Mahometans of Spain; than by the ſoldiers ages, &c. 75 
who fought in the Cruſades; that the chemiſtry of the 4 
Laſt, was, in the period between the eleventh and the ſix- 9 
teenth century, introduced into Europe. The reign of 2: 
Alchemy now commenced. It was ſuppoſed, that, by due "af - 


ſucceſs in chemical inveſtigation, ſome preparation might hi 
be diſcovered, a ſolid or a liquid, a /one or a menſtruum, by $4 
the touch of which all other ſubſtances might be tranſ- ws 
formed into gold. Albertus Magnus of Cologne; Roger 3 


Bacon of Oxford; Arnold of Villeneuve; Raymond Lully * f 
of Majorea; Baſilius Valentinus of Erfurt; the two Iſaacs, id 
= father E 
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who, in the courſe of this period, proſecuted chemical re- 
ſearches in the hopes of diſcovering the art of making 
gold. In this vain purſuit, their induſtry was unwearied : 
No diſappointment could extinguiſh their hopes : No per- 
plexed length of proceſſes could tire out their perſever- 
ance. 'They were commonly reputed magicians among 
their ignorant contemporaries : And they themſelves were 
ſometimes led to fancy or pretend, that what they ſought, 
was to be accompliſhed only by magic. Amidſt their alche- 
mical reſearches, they incidentally made not a few noble 
diſcoveries. Roger Bacon certainly invented the compoſi- 
tion of gunpowder: Lully wrote with ſome {kill on. the 
preparation of aqua-fortis, and the properties of metals: 
Baſilius Valentinus was the author of many valuable, anti- 
monial preparations : 'The Iſaacs appear from their writings 
to have been acquainted with aqua-regia and aqua-fortis. 
Nay, theſe alchemiſts were even able to perſuade ſome of 
their contemporaries, that they had actually ſucceeded in 
making gold: And a variety of incredible ſtories, ſuch as 
only impoſture could propagate, only the ſimplicity of ig- 
norance believe, have been commemorated concerning the 
gold they made, and the money which was ſtruck out of 
it. The poſſibility of the diſcovery of an univerſal medi- 
cine which ſhould cure every diſeaſe, and give immortal 
health and life to embodied man, was ſoon after conceived 
by the imaginations of the medical alchemiſts. Paracelſus 
of Zurich confirmed this notion, and firſt gave it conſe- 
quence. His rejection of the Galenical pharmacy for che- 
mical remedies; and the ſucceſs with which he employed 
mercury in the cure of the venereal diſeaſe and of ſome 
others to which the ordinary remedies had been in vain 
| applied; 


Hiſtory of Chemiſtry, 


applied 3 ſor a time aſtoniſhed the world, and tranſported 
his on imagination almoſt to frenzy. The ſpirit of al- 
chemy was again revived, about the beginning of the ſeven- 
teenth century. The Roſicrucian fraternity, Sethon in 
Holland, Vaughan in England, and others, perſuaded ſome 
of their friends, and perhaps actually fancied, themſelves, 
chat they could make gold. Not a few men of rank, for- 
tune, and wild avarice, were duped to waſte immenſe wealth 
upon projects, by which alchemical impoſtors promiſed to 
convert all things for them, into gold. The famous Vil- 
liers, the ſecond Duke of Buckingham of this name, waſted 
in this way thirty or ſorty thouſand pounds. Sir Kenelm 
Digby was another belicver in the pretences of alchemy. 
Alchemy was ſo commonly a ſubject of fooliſh and popu- 
lar credulity in England, during the laſt century; that it 
was found to be a ſufficiently natural and happy ſubject of 
ridicule upon the ſtage. 

Amidſt theſe errours and impoſtures, however, the ap- 
plication of chemiſtry to the ſervice of medicine, and to ex- 
periments upon the metals, gradually began to give it the 
form of a diſtin& and peculiar branch of rational ſcience. 
Boyle, Lemery, Glauber ſtudied it as a ſcience fitted to dif- 
cover many new and uſeful qualities of natural bodies, but 
without indulging in regard to it, all thoſe extravagant fan- 
cies which had tranſported the minds of Paracelſus and the 
alchemiſts. James Barnet, phyſician to the Ring of Po- 
land, publiſhed, about the middle of the ſeventeenth cen- 
tury, a work under the title of Philoſophy of Chemiſtry, in 
which chemiſtry was for the firſt time, formally honoured 
with the denomination of a peculiar SCIENCE. Joachim 
Beecher of Spires, phyſician to the Electors of Mentz and 
Bavaria, detailed in his noble work entitled Phyfica Subterra- 
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BOOK 1. nea, all the chemical facts which were, at that time xhown; 


SECT. 


Hiſtory of Chemiſtry. 


22 and even ſuggeſted the poſſibility of many general truths 


in chemiſtry which have been ſince diſcovered. Babnius 
of Leipſic, had before written a book upon chemiſtry, which 
was long the only elementary treatiſe on this ſubject. At 
length, the illuſtrious STA#ZL aroſe, and in his commentary 
upon the doctrines of Becrcher, propagated a new THEORY 
of the great latent cauſe of almoſt all chemical phznomena, 
which was long to be received and admired as fundamental 
truth in this ſcience. He aſſerted the exiftence of an in- 


flammable earth; which he denominated PHLOGISTON 3; 


and which, by its preſence, and by the developement of ſome 
of its various qualities, differently modified according tothe di- 
verſity of combinations and of circumſtances; produced, ac- 
cording to him, all the moſt ſtriking changes that could take 


place upon bodies, the ſubjects of chemiſtry. His treatiſes on 


Sulphur, and on Salti, with his Trecenta Experimenta, have gain- 
ed him immortal honour. The illuſtrious Boerhaave was a be- 


liever in the fundamental doctrines of the theory of Sah; 


compoſed a noble ſyſtematic work upon the ſcience of che- 
miſtry; and diſtinguiſhed himſelf bythe ſucceſsful application 
of chemical analyſis, to diſcover the component principles of 
vegetables. The Royal Philoſophical Society of London record- 
ed in the volumes of their Tranſafions many valuable che- 
mical facts. Meſſrs Rouelle, Baume, Macquer, and 
Bucquet of France; Bergman and Scheele of Sweden; the 
illuſtrious BLacx of Edinburgh; while they adopted and 
defended the theory of Stahl; performed an immenſe num- 
ber of experiments; diſcovered many particular and many 
general facts of the higheſt importance; and in their writ- 
ings and academical lectures, taught chemiſtry with a 
luminous perſpicuity, a ſcientific. preciſion, à beauty of 
wh | * arrangement, 
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arrangement, which were rapidly to exalt it to new honours BOOK .. 
among the ſciences, and to conduct to general truths which 8 een | 


ſhould explode the theory of phlogiſton. Chemiſtry, in 
the hands of theſe great men; was already exalted from be- 
ing merely the handmaid of medicine and of mineralogy; 
and was taught to expand her arms to embrace almoſt all 
the uſeful arts of life. 

Many difficulties were found in the attempt to trace 
Pblagiſlon through all thoſe ſituations in which its preſence 
was faid to be neceſſary, in order to explain the chemical 


phenomena ariſing. It was a ſubtle, airy principle, per- 


ceptible only by its effects, not by its own immediate agency 
on the powers of ſenſe, Thoſe qualities which were, in 
this inſtance, attributed to it, were incompatible with thoſe 
other qualities which it was ſuppoſed to exhibit in that in- 
ſtance. But, there was nothing elſe that could be, with 
any ſhow of reaſon or probability, ſubſtituted inſtead of it : 
And the doctrine of phlogifion, therefore, ſtill retained its 
honours. In the mean time, the views of phyſical ſcience 
were enlarged, The ſcience of electricity was, as it were, 
created, where there had been no ſuch thing as ſcience be- 
fore. In pneumatical inveſtigation, philoſophers had been 
inſenſibly conducted, from examining the gravity, the elaſ- 
ticity, and other mechanical qualities of the atmoſphere, to 
obſerve with chemical accuracy, ſeveral different ſotts of 
air which were blended in it. The excellent Stephen Hale 
obtained by chemical proceſſes, an ærial fluid from various 
bodies; which, however, differed in ſmell, inflammability, 


and ſeveral qther properties, from common atmoſpheric | 


air. Priefiley repeating the experiments of Hale, and in- 
ſtituting others which Hale had not attempted; was ſo 
fortunate as to diſcover various rial fluids poſſeſſing pro- 
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—_ = perties which would; by no means, permit them to be con- 
— founded with the common air of the atmoſphere. From 
metallic calces he extracted an air oi purity hitherto un- 
known. Bayen, a diſtinguiſhed French chemiſt, diſcovered 
that the calces of the metal called mercury, might be reduced 
from their unmalleable ſtate, to a ſtate in which they ſhould 
be running and malleable, without the application of that 
| phligifon which had been hitherto thought neceſſary tochis 
| 3 proceſs. He perceived, at the ſame time, that, dur ing the 
i | reduction, they emitted an æriform fluid in great abundance. 
} Du Br ack diſcovered the exiſtence of latent heat 3 and ex- 
| tracted from mild magneſia and from chalk, a gan, by the 
| loſs of which they were reduced to cauflicity. | All theſe 


yet new reſearches, and the diſcoveries to which they led, were 
LavolsiER. of a nature to puzzle and embarraſs the votaries of the.doc- 
trine of phlogiſion ; contradicting many of its principal ex- 
5 pPlwGlücations of the phœnomena which had been before ob- 
| ſerved ; preſenting new phœnomena, to explain which, it 
| could not poſſibly be applied; expoſing till in ſtronger 
if lights, the mutual inconſiſtency of  thoie different qualities 
1 | which had been aſcribed to it. It was requiſite but to take 
0 one ſtep further; and ph/ogi/on might then be exploded. 
} | Lavois1ER, a name ever to be illuſtrious in the annals of 
chemiſtry, inſtituted a ſeries of ſingularly ingenious and ac- 
0 curate experiments; the reſult of which was, to prove; that, 
1 in the phœnomena of combuſtion, in which aboye all 
| . others, it had been thought unqueſtionably certain, that an 
| evolution of phlogiſton took place 3-that in thoſe very 
3 phœnomena, the only events were the fixation and the diſ- 
| engagement of airs, and of the matter of heat by him deno- 
minated calorit, La ſubſtance altogether diſtin from pH- 
giſton. His pple) — under every diver- 
3 07 
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ſity of circumſtances, by himſelf and by others; ſtill BOOK (. 
afforded ſatisfaQorily the ſame reſults. His reaſonings and ., 


inferences were vigorouſly attacked by the diſciples - of 
Stahl. But, his facts and principles triumphed ; and his 
opponents became his diſciples. Expelled from its ſtrong- 
hold of combuſtion ; inadmiſſible into many of the newly 
diſcovered phœnomena: phlogi/ton was now to be exploded 
as a non- entity: and other ſubſtances of recent diſcovery, 
were called to act the parts which had been before attri- 
buted to it, in all the chemical phœnomena of nature. 


Fourcroy, Berthollet, Morveau-Guyton, Chaptal, warmly 


eſpouſed the Lavoiſierian doctrines. The chemical philo- 
ſophers of Germany, Spain, Italy, and Britain, have gradu- 
ally renounced the theory of Stahl. The French Chemiſts, 
upon the principles of Lavoiſier, made a new philoſophical 
arrangement of chemical ſubſtances, and conſtructed a new 
Nomenclature; in which from a few radical terms correſpond- 
ing to the ſimple ſubſtances, the names of all the com- 
pounds were, by the laws of ſtrict analogy, derived or 
compounded. Chemiſtry has, in conſequence of theſe e- 
vents, become univerſally throughout Europe, an object of 
eager and faſhionable ſtudy. Numerous trains of new ex- 


periments have been inſtituted ; and their reſults have 


ſerved to confirm the doctrines of Lavoiſier in caſes in 
which the application of thoſe doctrines, had as yet de- 
pended merely upon analogy. Several miſtakes have been 
corrected. Some principles accounted fimple, have been 
analyſed into component parts. More chemical diſcoveries 
uſeful to the arts of life, have been made within the ſpace 
of ten or twelve years, than had been made within thrice 
that time, before. Almoſt all the chemiits in Europe, 


have now adopted the Lavoiſierian theory as demonſtrated 


{cience. 
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BOOK SECOND. 


OF THE APPARATUS, AND THE TECHNICAL MANIPU- 
LATIONS OF CHEMISTRY, 


Beroxs proceeding to explain the nature of thoſe ſub- BOOK. IL. 
ſtances which chemiſtry examines and deſcribes; it may 1 
be proper to give a ſhort account of the inſtruments Propriety of 


and the general apparatus which chemiſtry employs, and — 


of ſome of the moſt remarkable of thoſe proceſſes to which he apparae | 


ſhe finds it neceſſary to have continual recourſe. + 8 
It is little that can be with ſufficient accuracy ob/erved 2. 

of the phyſical or chemical phenomena of nature, without 2 
the uſe of inſtruments to aſſiſt the imperfection of our experiments 
ſenſes. No operations can be performed, without the aid ae _ 
of veſſels, furnaces, meaſures, weights, and media of vari- out the uſe 
ous kinds. All the manipulations of chemiſtry are redu. *\, 
cible to a comparatively ſmall number, the previous know- 
ledge of which, will greatly aid us in our endeavours to 
underſtand theſe proceſſes, in their application to inveſtigate 
ther »ture of every different material body. 

I. Heat, or rather caloric, as we ſhall immediately learn 3. 
to name it, is one of the greateſt agents in all the phæno-faft ungut, 
mena of nature, whether phyſical or chemical. Nothing ing the de- 
is more neceflary in ſcientific obſervations and experiments, eat. M 
than to remark carefully the degree in which this ſubſtance 
is preſent, and the manner in which it acts. For this pur- 
poſe, even before chemiſtry had made any confiderable 
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__— Apparatus and Technical © 
| BOOK n. progreſs in modern times, the THERMOMETER was invents 
ed, to meaſure the different degrees of the intenſity of heat. 


5 4 | ne 
Þ The Tzrz-The Thermometer has been framed upon the conſideration 


4 rtr of the expanſibility of moſt ſubſtances under the action of 
5 | this great agent: or, if not merely of their expanſibility z 
x at leaſt of their being all liable to undergo certain different 
4? changes, when certain different degrees of heat are applied 
1} to them. Thus, one degree of intenſe heat melts concrete 
= oils ; another produces ebullition in water, or converts it 
Þ into vapour. Again, in the abſtraction of heat, one particu- 
. lar degree of cold produces the congelation of water ; while 
there are other ſubſtances, to the congelation of which, a 
ſtill greater ſeverity of external cold is required. Upon 
that principle which is ſufficiently illuſtrated in theſe and 
other ſimilar facts, was the idea of the conſtruction of the 
thermometer firſt conceived. Water, ail, ſpirit of wine or 
| | alcohol, were the matters firſt adopted, to indicate the'in- 
i creaſe or diminution of heat. Incloſed in a tube of glaſs, 
3 which might be applied to a bar of wood, having its ſur- 
x face plain, ſmooth, and divided by croſs lines at equal 
diſtances from one another; ſpirit of wine particular- 
ly, was found to indicate, by the expanfion or contraction 
of the ſame quantity of the fluid, the increaſe or diminution 
of its heat. The croſs lines, dividing the bar of wood into a 
ſcale, indicated the preciſe degrees of the expanſion or con- 
traction, and by conſequenee of the increaſe or diminution of 
the heat. In applying this inſtrument, thus framed, to any 
particular body, for the purpoſe of meaſuring that body's 
particular heat, there was nothing more neceſſary than to 
immerge the whole inſtrument, or at leaſt a particular part 
of it into the ſubſtance under obſervation. On the ſcale, 
indeed, were alſo to be marked, ſome of the moſt remarka- 
ble degrees, at which the principal changes effected by the 
2D increaſe 
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increaſe or diminution of the heat of bodies, were known BOOK u. 


to take, place. Theſe things obſerved and performed, © 
greatly aided the natural imperfection of the ſenſes, in af- 
foxding ſatisfactory information concerning the laws of 
movement to which heat was, _ Si the FOE? 
which it was capable to accompliſh. 


Hut, after the metal known by the name 3 2 bad © Sh 
begun to attract the attention of philoſophers upon its" 
wonderſul expanſibility; E was found to be, of all known: ry. 


ſubſtanges, the fitteſt to be uſed in the conſtruction of 


thermometers. Liquids did not admit of a very extenſive 


range z; chat is, the ſeries of degrees was not great, between 
the higheſt increaſe of heat, and the loweſt diminution of 
it, which was ſuſceptible, of being diſtinctly indicated by 
means of fluids, Mercury, on the other hand; being 
ſcarcely, as was then ſuppoſed, at all ſuſceptible of congila- 
tion, being not at all liable to evaporation, and not eaſily 
to be oxydated; could, admit of a much wider range of de- 
grees in any thermometer, in the conſtruction of which it 
vas employed · Mercury has therefore, for a long while, 
been almoſt excluſively uſed. in the conſtruction of this 
moſt uſeful inſtrument, Long, hollow, and ſlender tubes 
are prepared by the glaſsmakers. Theſe muſt be perfectly 


cylindrical ; or, in other words, the cavity of the tube off d 
glaſs intended for a thermometer, muſt be of the ſame ſtruction. 


diameter in all parts of its length. One end of this glaſs 
tube is then to be heated to ignition, and by a ſtream of 
air blown/in from the other end, to be expanded while it 
is red-hot, into a bulb. Immerſing the open, end of the 


tube into a quantity of clean dry mercury, and heating the 


bulb with the flame of a candle 3 the operator muſt, next, 
by this meang, expel. from the tube, += 
1 "7 1541 | Gina t: Au. Is 2% ent y 
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* BOOK IT. entered it, while it was open. As the air eſcapes, the 
& — from the veſſel into which the open end of the 
fill the bulb. Let the application of a taper's flame to 
the bulb of the glaſs tube, be repeated, with a piece of pa- 
per wrapped carefully round its open end, till the laſt re- 
mains of air and moiſture, of which the preſence could 
poſſibly be ſuſpected, ſhall have been entirely expelled. 
The tube is now properly filled with mercury: what re- 
mains, is, to graduate it. In order to do this, immerſe it 
firſt into melting ſnow, or freezing water, the temperature 
of which is known to be indicated by 32“ in the ſcale of 
that which is denominated Fahrenheit's thermometer. 
Mark at what point in the height of the tube, the mercu- 
ry ſtands, when it is in this ſtate of immerſiou. Next ap- 
ply the bulb to the hollow of your hand; and put it into 
your mouth; marking alſo to what point in your tube, the 
mercury is expanded, in conſequence of this application. 
If the bulb be duly proportioned to the length and width 
of the tube, ſome drops of the mercury will run over, at 
the time when it is expoſed to the heat of the hand and the 
mouth. The diſtance between 32“ and the top of the tube 
is thus compared with that between freezing and blood-heat ; 
namely 63*, the range between 320 and 95% By the com- 
pariſon of theſe 63* with the whole range of the ſcale, which 
it is deſired that the thermometer ſhould afford; the perſon 
conſtructing it, will be able to diſtinguiſh, whether the de- 
grees are likely to be large or ſmall, and to proceed with 
this tube and bulb, or to lay them afide. He muſt next 
ſettle with himſelf, at what point in the tube he wiſhes to 
have the freezing point; and he muſt make more or leſs 
of the mercury to boil over, according as he wiſhes that 
| a the 
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1 | tube is immerſed, will ariſe into the vacuum, and entirely 
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the range of his thermometer ſhould be more or leſs ex- BOOK H. 


tenſive. Still after each ebullition of this ſort, let the in- 
ſtrument be immerſed in freezing water, or ſnow, in order 
to ſhew, where will be the freezing point, with this parti- 
cular quantity of mercury. When the range is thus duely 
ſettled and adjuſted ; the mercury muſt be made again to 
boil, for the expulſion of any remaining air and moiſ- 
ture. 'The flame of a candle, applied with the blow-pipe to 
the upper and open end of the tube, will then melt the 
glaſs, and thus cloſe it. The boiling point will be beſt aſ- 
certained by immerſing your thermometer in ſteam, till 
the bulb touch the boiling water from which it iſſues. 
While this immerſion is performed; it will be proper either 
to uſe in boiling the water, a particular veſſel which has 
been recommended by the Royal Society of London; or 
elſe to cover the bulb of your tube with ſeveral folds of 


| flannel or of linen; and to pour boiling water upon this 


cover, While the inſtrument is alſo ſurrounded by an at- 
moſphere of ſteam. 
Such is, in general, the procefs for the conſtruction of a 


thermometer in which mercury is employed as the indice- Trmome 
tor. Three remarkable ſorts of thermometers are at he 
ſent in very general ufe throughout Europe. 'Theſe W 


the thermometers of Fahrenheit, Reaumur, and Celſius. 

The differences diſtinguiſhing them from one another, 

conſiſt in the diviſion and numeration of the degrees on 
the ſcale, which is to be always formed npon the tube and 
the bar of wood, ivory, or whatever other material, to which 
the tube is applied. In the thermometer moſt generally uſed 
in Britain; that which was firſt conſtructed by Fahrenheit a 
Dutch artiſt ; the freezing point is fixed at 32%—the boiling 
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BOOK n. point, at 212% above o—or-the part at which both the af 
ng and deſtending ſeries of numbers commence... In 
the thermometer which was firſt, conſtructed by the fa- 
mous Reaumur, and which is the moſt generally uſed in 
France, the ſcale is divided into a ſmaller number of de- 
grees upon the fame length, and numbers not more than 
80® between the freezing and the boiling points. The freez- 
ing point is fixed in this thermometer preciſely at o, the 
term between the aſcending and the defcending-ſeries of 
numbers. 10029 is the number of the degrees between the 
freezing and the boiling points in the ſcale of Celſius; and 
the freezing point is in this as in the thermometer of 
Reaumar fixed at 0%. One degree on the ſcale of Fahren- 
heit, appears from this account to be equal to 4 of a degree 
on that of Reaumur, and to g of a degree on that of Celſius. 
Upon the knowledge of this proportion, it is eaſy for the 
ſtudent to reduce the degrees of any one of theſe ther- 
| mometers, into degrees of any other of them. 

SS the One great advantage of the uſe of mercury in thetmo- 
thermome- meters, conſiſts in its extraordinary and expanſive. ſenſibi- 
25 lity. The varying heat of the atmoſphere; the heat in 
any apartment or elaboratory; the heat of any body what- 
ever that can be conveniently applied to it; may be ſatis- 
factorily aſcertained by means of this inſtrument. Its 
range has not neceſſarily any other limits than thale of the 

con gelation and the oxydation of mercury. | 
Bur, this inſtrument, excellent as it is, has ** found 


Py — 


TER, unequal to the menſuration of the degrees of heat, up to 


that intenſity to which it is often raiſed in nature, and 
muſt be frequently excited by art. To meaſure thoſe 
heats, therefore, to which the thermometer cannot be ap- 
plied, there have been other inſtruments invented by the 

| | care 
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tare of philoſophers. Muſchenbroeh, a celebrated Dutch BOOK u. 


philoſopher, invented an inſtrument named a PYROMETER, © 


in which a bar of iron may be ſo applied, as to indicate 1 
it expanſions under the influence of heat, all the different Aae. 


degrees of the intenſity of thoſe heats which are brought to 


act upon it. Mr LeipexFrosT, more recently, obſervings It. 
that, the hotter any metal is, ſo much the more ſlowly yg; 


will drops of water evaporate from its ſurface ; has applied 
the knowledge of this general fact, to the meaſurement of 
the higher degrees of heat. On iron heated to the degree 
of the ebullition of water, he has obſerved, that a drop of 
water will evaporate in one ſecond. On melted dead, a drop 
of water will not be evaporated within leſs than fx or ſeven 
ſeconds. On red-hot iron, the ſpace of thirty ſeconds will be 
required to its evaporation. At the heat of 5 209, Fahren- 
heit, the hot body will not accompliſh the evaporation of 
a drop of water in leſs than eighty-nine ſeconds. This ſim- 
ple meaſurement of heat by the application of drops of 
water to the ſurface of heated metallic bodies, may be at 
times very convenient in eſtimating the degrees of furnace 
heatsz and it may probably be applied yet to heats conſi- 
derably more intenſe than thoſe which are here mention- 
ed. Clay of perfect purity, inſtead of expanding like ſome 
other bodies, ſhrinks in the fire, in proportion to the de- 
gree of heat applied to it. Upon the knowledge of this 


fact, the late ingenious Mr WRE DGE WOOD, who acquired to * 1 
England ſo much eelebrity by his manufacture of porcelain we - 


and other earthen wares; was led to conſtruct a PrrkoME- 
TER of baked clay, for the meaſurement of intenſe furnace- 
heats, which has been adopted into very general uſe, and 
has been found to pofleſs peculiar excellence. This in- 
ſtrument is alſo ſufficiently ſimple. It conſiſts of a gra- 

| duated 
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BOOK IT. duated gauge, the rule of which is divided into 240 equal 
WY points, each Ys of an inch; and with this gauge, of a ſufſi - 
cient number of pieces of the baked clay, which muſt have 
been prepared in a red heat, and muſt be of given dimen- 

fions. Theſe pieces of clay, thus prepared, are firſt to be 

applied cold, to the rule of the gauge, that there may no 

miſtake take place in regard to their dimenſions. Then, 

let any one of them be immerſed into the furnace-heat 

which is to be meaſured, Leave it here, till it ſhall have 

been completely penetrated by the heat. Then remove, 

and apply it to the gauge. The difference between its 

former and its preſent dimenſions, will ſhew, how much it 

has ſhrunk ; and will by conſequence indicate, to what de- 

gree, the intenſity of the [heat to which it was expoſed, 

might amount. Such is the pyremetrical contrivance of 
WeErpGEwoop. A matter of ſuch high importance to the 

intereſts of chemiſtry, and of phyſical ſcience in general, f 

has naturally engaged alſo the attention of other chemical 

of Loveifer philofophers. Meſſrs Lavolsixx and DE LA PLace, anx- 
_ De la jous to find an accurate inſtrument for the meaſurement of 
even the moſt intenſe furnace-heats, were ſo fortunate as 

to invent a PYROMETER which may perhaps deſerve to be 

preferred t6 all others. The melting ef ice is the great fact, 

upon which this pyrometer depends. 'The. inſtrument 10 

conſiſts of three circular veſſels, inſerted one within ano- 


— mig #Au 1 _—_ 6 3 8 


= v 
ther, and affording three ſeparate capacities, or receiving 
ſpaces. The interior cavity; formed by a grating of iron, a 
upon ſupports of the ſame metal, and cloſed by a cover J 
above; is defigned for the reception of the body under ex- y 
periment. 'The middle cavity contains the ice, the melting - 


of which, is to meaſure the heat given out by the body in 
the interior receptacle. The exterior or third cavity con- 
x tains 
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tains ice, intended to preclude any heat from the atmoſ- BOOK 11. 
phere, from paſſing imo the ice contained in the ſecond ca- | 


vity, and thus injuring the accuracy of the experiment. 


The ice in the /econd cavity, is t be melted folely by the 


heat given out from the body in the interior or firſt cavity, 
the whole of which it is deſtined to abſorb, while it dit- 
ſolves into water. The water thus produced from the 
melting ice in the middle cavity, is carefully preſerved. At- 
ter the concluſion of the proceſs, it is of courſe weighed, 
Its weight affords a meaſure of the heat given out from 
the body under examination. It will be perceived, that 
this inſtrument is accommodated to meaſure rather the de- 


grees of the diminution, than thoſe of the augmentation 


of heat. However, it may be indirectiy _— alſo to 
this 1aſt purpoſe. 

II. The BAROMETER, word not properly a chemi- 
cal inſtrument; is, however, ſo neceſſary to give many 
indications which are unavoidably requilite to the accu- 
racy of chemical obſervations; that its nature and ſtruc- 
ture deſerve to be here explained. 'The preſſure of the 
atmoſphere and of all the exterior ſtrata of this globe, in- 
creaſes the denſity of the interior ſtrata, always, more 
or leſs, and renders the looſer parts of theſe latter ſtrata, 
ſomewhat more fixed, than, c@teris fraribus, they, other- 
wiſe, would be. Liquids and elaſtic fluids, —being ſub- 
jet to che laws of general , gravitation, —and having 
no ſuch coheſion of parts, as, might prevent one portion 
of them from yielding to the impulſe of another,—tend, 
while they gravitate towards the Earth's centre, to re- 
main in conſtant equilibrum,,one with another, W 
you pour any quantity of wafer into a, vale; the water 
diffuſes itſelf equally in the veſſel, and ſettles at laſt, with 
« level ſures above. The ſeas roll, becauſe their water 
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diſturbed by extrinſic cauſes tends continually, to recover its 
general equality of level. The rivers run, for the ſame reaſon, 
We can raiſe the water of any ſtream, even to a ſudden 
elevation, as high as that of its ſource, ſolely on account of 
this conſtant tendency in the parts of the fluid, to remain 


u equiltbrio. With air, it is the ſame. Air will not, like a 


ſolid body, remain in that particular part alone, of a room 
or veſſel, into which you put it. It diffuſes itſelf every 


| where equally. If by heat, you rarefy the air more in 


one place than in another ; the unrarefied air tends ever 
to reſtore the equilibrium, by ruſhing in upon that which 
was rarehed. Winds, and all commotions in the atmoſ- 


phere, either depend ſolely upon this tendency to remain 
in equilibrium, or at leaſt owe to it, a very conſiderable 


part of their phœnomena; ruffle the ſurface of the pool, — 


we may refer from the common fluidity of them both. Ga- 


 hlzo, Torricelli, and Merſenne, firſt, demonſtrated the 


gravity of the atmoſphere; and ſhewed, that a column of 
water 32 feet high, is equal to counterbalance a column 
of air of the whole height of the atmoſphere. In wells out 


of which the air has been exhauſted, water riſes to this 


height. In the climates of Europe the weight of water 
is to that of the air of the atmoſphere, as from. 606 to 
1000 is to 1. Mercury, though a metal, having the 
fluidity of water may be placed, alſo, in counterpoiſe with 
air.—28 inches of a column of mercury, —juſt as well as 


© 32 feet of water, — will counterbalance a column of air 


of the whole height of the atmoſphere. The BaxoMETER 
is a tube incloſing mercury to riſe to the height of 28 
inches,—leaving, above, a vacuum,—open at one end, to 
the acceſs of air. It was the invention of Boyle. The 


mercury riſes and falls by laws not yet well underſtood, as 


the gravity of the atmoſphere varies. In the general con- 


ſtruction of the Barometer -a quantity of mercury muſt be 


W ** . W — * 
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be taken, which may be ſufficient, in the ordinary tempera- BOOK l. 


ture of the atmoſphere, to fill in a tube evacuated of air, 
ſome few inches more thanthoſe twenty-eight through which 
it is natural that mercury riſe in vacuo. A ſyphon- tube of 
glaſs, is then to be taken. Evacuate the tube of any air 
which may remain in it, by the proper application of exte- 
rior. heat. Put in mercury. Repeat the application of 
heat. In the ordinary ſtate of the atmoſphere, twenty- 
eight inches of the mercury, will aſcend in a column, in 
that branch of the ſyphon which is exhauſted of air, and 
cloſe at its top. When the atmoſphere is unuſually heavy, its 
extraordinary weight preſſing upon the other branch of the 
ſyphon which is not cloſe at the top, will force into the cloſe 
and exhauſted branch, more than twenty-eight inches of 
mercury. When, on the other hand, the atmoſphere is 
unuſually light; the mercury in the open branch of the 
ſyphon will expand itſelf and aſcend ; while the mercury 
in the cloſe and exhauſted branch, will deſcend beneath its 
proper and uſual height, Or, inſtead of thus uſing a bent 
tube, it may be better, and the more common way has al- 
ways been, to uſe a baſon or bulb of mercury open to the 
preſſure of the atmoſphere. The only condition abſolute- 
ly indiſpenſable, is, that the baſon, or the bulb, or the ſe- 
cond branch of the inflected tube be always open to the im- 


preſſion of the air. In order to enlarge the ſcale, and to 


improve, as it were, the ſenſibility of this inſtrument to the 
variations of the weight of the atmoſphere, various contriy- 
ances have been adopted in its conſtruction. They have been, 
for the moſt part, attended with difficulties and inconvenien- 
ces, more than ſufficient to counterbalance the advantages 
obtained from whatever was peculiar in their conſtruction, 
Other inſtruments, ſuch as the Szatica! Baroſcupe of Boyle, 
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have been invented for the purpoſe of eſtimating alſo the 
weight of the atmoſphere.” But, it is ſufficient for us to 
have here cxplaincd ſimply the principle upon which the 
mercurial barometer is conſtructed, in ſuch a manner, that it 
may be eaſily underſtood by the chemical ſtudent. The ex- 
panſibility of mercury by a heat which may not act ſo as to af- 
fect the genrral weight of the atmoſphere; and the attraction 
and friction neceſſarily exerted upon the mer«ury by the ſides 
of the tube in which i- is contained; naturally influence and 
impair the accuracy of the indications of the barometer. In 
the phyſiology of the atmoſphere, there is no ſubject of 
greater intricacy, than the inveſtigati n of the cauſes, which 
produce all thoſe changes in the weight of the atmoſphcre, 


that are indicated by the continual rilings and fallings of 


The Hygro- 
meter. 


the mercury in the barometrical tube The uſe of this in- 


ſtrument, is connected with all thoſe chemical obſervations 
and experiments, which reſpect the atmoſphere in ail the 
changes of its natural ſtate. Whatever experiments are to 
be made ſub dio can never be made with due care and ſuc- 
ceſs, without an attention to the indication of the barome- 
ter. Another curious advantage, not mereiy to chemical 
philoſophy, but to natural philoſophy in general, and even 
to geography, from the uſe of the barometer, is the means 
it affords for the menſuration of heights and diftances. 
HyYGROMET+Rs, or inſtruments for meaſuring the quan- 
tity of moiſture in the atmoſphere, at any given time, are 
alſo neceſſary to mark the ſtate of the air, when chemical 
ard phyſical experiments are to be performed in it. Theſe 


are beſt made of ſubſtances liable to ſhrink by dryneſs, to 


a conſiderable degree, and with regular ſteady p ænomena, 
or to be very perceptibly ſwollen in bulk, whenever they 
abicrb even any very ſmall quantity of moiſture, The 

more 


* 
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more particular deſcription of the conſtruction of the hygro- x 


meter, belongs rather to the natural hiſtorian or ꝓ iiloſo- 
pher, than to the chemiſt. 


III. It is of the ut noſt conſequence in chemiſtry, care gala tg and 
fully to aſcertain at all times the quantity of any matter ee 


which is ſubjected to experiment, and again, to dift.ngu ſh 
with equal accuracy, the qui tities of the products. Hence 


are the inflruments and the ſubdiviſions of WEIGHT, to be re- 


garded as things which merit the young chemilt's particu» 
lar attention, before it can be proper for him to enter upon 
an experimental examination of the ſubj<&s of this ſcience. 
A BALANCE may be regarded as conſiſting of a fulcrum or 
ſupport,—a croſi-bar ſuſtained preciſcly at the middle of its 
length and weight, on the point of this fulcrum, and tue 
ſecoles ſuſpended from the two extreme points of the croſi- 
bar or beam which reſts on the fulcrum. The fulcrum is 
uſually not formed by a pillar riting from beneath the le- 
vel of the beam, but by a chain ſuſpended from above, and 


connected with the middle of the beam by an axis, of which 


the upper ſurface is formed like the edge of a knife. The 
centre of gravity of the beam, ought to fall mmediately 
under the fulcrum. It is not of very important conſe» 
quence, whether the arms of the balance, be or be not al- 
ways of equal lengths. But, their relative. proportions 


ouzht to continue ever invariably the fame. For the pur- 


poſes of chemittry, it is always neceſſary, that very nice ba- 
lances be procured. Weights for the purpoſes of chemiſtry, 
may be formed by tie ſubdivihon of any particular ſtand- 
ard weight, ſuch as a pound, an ounce, a grain, &c This 
may be done in the way of continually halving—firſt the 
particular ſtandard-weight,then its halt — and to on, as far 
as may be delired. Granulated lead may be very conveni- 
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way for the ſubdiviſion of ſmall weights, conſiſts in the 
weighing of a quantity of ſmall wire, and afterwards cut- 
ting it into ſuch parts as are required. Thin brafs leaf may 
be uſed for the fame purpoſe : As may alſo jeweller's foil. 
In philoſophical experiments, it will commonly be found 
uſeful to admit but one dimenſion of weights: And the 
grain may properly enough deſerve the preference. 
ances have been conſtructed, by which wonderfully ſmall 
ſubdiviſions of weiglit might be correctly diſtinguiſhed. 
Muſchenbroek relates that he himſelf made uſe of a balance 
which turned with 4, of a grain. That diſtinguiſhed ar- 
tiſt Mr Baltan, appears to have had two accurate balances, - 
one of which was capable of weighing a pound, yet would 
turn with g of a grain. 
IV. A FURNACE, in the actual manipulations of chemical 
experiment, is one of the moſt indiſpenſibly requiſite parts 
of all the apparatus of chemiſtry. A FURNACE is neither 
more nor leſs than a chimney or veſſel, into which fuel may 
be put, and a fire kindled, for the purpoſe of thoſe chemical 
proceſſes in which fire is to be employed as an agent. Con- 
ſtructed for other purpoſes than thoſe of chemical operations, 
common chimnies can rarely ferve, with due convenience, 
for any great diverſity of thoſe operations which are to be 
performed by chemiſts with the aid of fire. Furnaces of 
peculiar conſtruction, are therefore requilite. Theſe may 
be made exceedingly large and capacious, for the purpoſes 
of the moſt extentive manufactures in glaſs or metals; or 
they may be made minutely ſmall, for the niceſt experi- 
ments of the chemiſt. Chemical furnaces, in general, 
muſt be ſo conſtructed, as to poſſeſs, —commodious . 
room and ſupports for receiving a veſſel or bath, contain- 
| ing 
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ing the matter on which it is wiſhed to bring the fire to BOOK II. 


act; an pit with an aperture for its door, by which the 
aſhes of the conſumed charcoal, may be conveyed away from 
the fire; apertures by which additional fuel may be put in, 
from time to time,—by which the neceſſary air may be ad- 
mitted to maintain the combuſtion, — by which the ſtream 
of air may. be augmented or diminiſhed at pleaſure, ſo as 
to increaſe or lower the intenſity of the fire within, by 
which alſo the nozzle of a pair of bellows, may be intro- 
duced, to blow it up, when the mere unimpelled ſtream of 
air, is inſufficient to produce this effect. The great objects 
ſought in the uſe and conſtruction of ſuch furnaces, diffr- 
rent from thoſe of ordinary chimnies, are, — to conſume as 
little fuel as poſſible, — to apply the heat excited, as directly 
and as fully as poflible, to the matter on which it is intend- 
ed to act. to regulate at pleaſure the degree of its intenfi- 
ty,—to have it in one's power, to uſe fire in experiments at 
any time, and almoſt in any place, without endangering 
the conflagration of ſurrounding objects which were not 
meant to be expoſed to it. 'The furnace for open fire, is 
formed by a ſingle pot; having one ſquare aperture as a 
door to the aſh-pit, another above this, for a door to the 
fire-place, but which is uſually kept ſhut; having various 
fmaller apertures, deſtined to admit air m greater or ſmaller 
quantity, as they are at pleaſure opened or ſhut ; and be- 
ing intended to have its ſupplies of fuel introduced from 
above. The moveable wIND-FURNACE is formed by two 
pots applied mouth to month. An iron chimney compo- 
ſed of pieces, that its length may be at pleaſure enlarged 
or diminiſhed, is put on the top of the furnace. A brick 
laid on the grate of this chimney, ſerves to ſuſtain the mat- 
ter e xpoſed to the action of the fire. In the upper pot or 
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duced. Two oppolite holes in this dome, are deftined to 
receive an iron rod, by which this upper part may be lifted 
up at pleaſure, 'The reverberatory furnace is compoſed of 
two pots ſeparated by an iron-hoop, in which is cut an 
opening or door. lt is uſed chiefly tor the purpoſe of pro- 
ceſſes of diſtillation with retorts of earthen ware or coated 
glaſs. The moveable blaſl furnace is adapted chiefly for con- 


centrating the heat excited in it, upon a crucible within it, 


which contains the ſubject of che proceſs. This is effected 
chiefly by means of holes bored in the pot obliquely, and 
all around from the bottom upwards, as far as the upper 
ſurface of the fuel The crucible is deſtined to ſtand upon 
a proper ſupport in the bottom. Dr BLACX's furnace pol- 
ſeſſes the advantage of giving to the operator, the command 
of the augmentation or din inution of the intenſity of the 
heat, in a degree more complete than is to be obtained by 
means of other furnaces. A damping-iron with a ſufficient 
number of holes, which may be ſhut and opened at plea- 
ſure, is the ingenicus contrivance by which this is to be ac- 
compliſhed. | 
The BLOW-PIPE is an inſtrument for the application of 
heat to bodies in the ſmall way, by which may be often 
produced all thoſe effects, which are to be accompliſhed in 
the great way by the uſe of furnaces. It is merely a braſs 
or ſilver pipe, about one- eighth part of an inch in its diame- 
ter at the greater end, and toward the other, tapering to a 
much ſmaller ſize, with only a very ſmall perforation at 


which the wind may eſcape. It is bent at the ſmaller end, 


to one file. Tt is ſometimes fitted with a ſmall bowl, in 
which the vapours of the breath, may de condenſed 4 and 


with nozzles, which may be at pleaſure applied to the ſmal- 
| | ler 
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ler extremity, or removed away from it. The ſmaller ex- BOOK IL 
tremity of the blow-pipe or its nozzle, is to be applied to 
the flame of a taper, ſo as to direct it upon the object under 
experiment. The breath inſpires the pipe z and this blow- 
ing, if continued for a ſufficient length of time, will produce 
an intenſity of heat, adequate to accompliſh upon a ſmall 
bulk of matter any effects which a furnace-heat is capable 
of operating upon a larger body. A ſtream of vital air, 
poured through the blow-pipe by means of a bladder at one 
end of it, will aſtoniſhingly increaſe the activity of the com- 
buſtion, and the intenſity of the heat, at the point where 
the flame is impelled upon the body under examination. 

The combuſtion of fuel, particularly of charcoal, applied 
in a proper manner in furnaces, is the principal means 
which art poſſeſſes for commanding any great intenſity of 
heat. But, the Rars or THE SUN concentrated by a convex 
lens or concave mirror, will alſo produce an . 
and aſtoniſhing intenſity of heat. 

Beſide furnaces and fuel, with other accommodations Baths, &c. 
for the application of the fire it feeds; chemiſtry requires 
alſo other inſtruments and conveniences, in performing its 
operations by means of heat. Rarely can chemical opera- 
tions through any wide extent of proceſles, be performed 
with nated fire alone, or without the placing of ſome inter- 
mediate body between the fire and the ſubſtance on which 
we with to make it act. This intermediate ſubſtance is 
called a bath. There are bainea-marie or water-baths, ſand- 
baths, cinder-baths, dung-baths, &c. Thoſe veſſels into 
which ſolid ſubſtances are put in order to be expoſed to 
the action of heat, are ſometimes crucibles of baked clay j=— 
ſometimes cupels, a ſort of flat crucibles made of the earth 
of bones; — ſometimes merely capſules of earth or iron. 
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7. 
Cucurbites 
and other 
chemical 
veſſels. 
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At times, in the expoſure of ſubſtances to the heat, they 


are for particular purpoſes coated over with other ſubſtan- 
ces in the ſtate of powder ; and the ſubſtance thus employ- 
ed in coating over another, is called a cement. Theſe vel 
ſels and inſtruments are employed in that claſs of the ope- 
rations of chemiſtry, which are diſtinguifhed as FIG 
conducted in THE DRY WAY. 

V. Other veſſels are requiſite for proceſſes which are to 
be conducted in the HUMID war; that is, for proceſſes in 
which fluid media and fluid ſubſtances are chiefly preſent. 
Cucurbites, or matraſſes, are veſſels of glaſs, earth, or metal, 
ſhaped like an egg, and open at the top. Retorts are glo- 
bular veſſels of glaſs, metal, or earthen ware, with a neck 
extended in a curved direction from one ſide of the globe, 
and terminating in an open point or mouth. Tubulated 
retorts have, beſide the former neck, alſo a neck or open- 


ing on the upper part, by which may be introduced into 
them, the matters under experiment. Receivers are glaſs 


veſſels, of a ſpherical form, with a ſtraight neck, deſtined 
to receive from the retorts, the products of the change 
which the matter with which a retort may be charged, un- 
dergoes. The retort and the receiver are the common ap- 


paratus in the proceſs of diſtillation. But, when the pro- 


ducts are of a peculiarly volatile character, an alembic is 
then to be preferred. This alembic may be of glaſs, meta}, 
or earthen ware. It conſiſts of a body, to which is fitted a 
conical head : and out of this head deſcends laterally, a beat 
to be inſerted into the receiver. Such is the alembic. Lutes 
are compoſitions commonly of clay and ſand, uſed to make 


the joinings of different veſſels cloſe, ſo that the products 


of the operations carried on in them, may not eſcape, and 
thus diſconcert the Das Sills for ardent ſpirits, are 
IEP 
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fimply alembics upon a larger ſcale of conſtruction, and ha- BOOK H. 
ving, inſtead of a beak entering a receiver, rather a pipe 

or worm, which is immerſed into a tub of cold water, and 

paſſing through this, conveys the ſpirit condenſed by the 

water out at the lower extremity of the pipe. 

VI. The moſt remarkable of the operations performed; "0." ; 
with all theſe different veſſels and inſtruments, are the fol- explained. x 
lowing. Roaſting is an operation to be performed upon | ; 
metallic ores, by expoſing them in a crucible to the action 4 
of fire, in the open air. The volatile parts are thus driven f 
off; and the ore is prepared for a farther analyſis and pu- 
rification. Calcination is roafling carried to ſuch a degree 
of intenſity, as not only to drive off the volatile parts, but 
to alter the very ſtate of the fixed parts of the ore. Fu- 

fron reduces bodies which are ſuſceptible of it, - by means 
of fire, from a ſolid to a fluid form. In reduction or re- 
vivification, the calces or oxydes of metals are, by means of 
fire, with charcoal or oils, reduced to the metallic ſtate 
which they loſt by calcination. #itrification is the fuſion 
of ſuch ſubſtances as are capable of aſſuming the bright- 
neſs, tranſparency, and hardneſs of glaſs. Cupellation is, 
the purifying of perfect metals, by melting them with the 
addition of lead, in thoſe veſſels which are named cupels, 
and whoſe porous conſiſtency eaſily abſorbs the lead with 
the droſs which it carries off with it. Cementation is, the 
changing of the ſtate of particular ſubſtances, by expoſing 
them to the action of intenſe heat, after that you have firſt 
covered them over with a cement. Stratification conſiſts in 
arranging ſolid ſubſtances in layers, with intermediate ſtra- 
ta of powdered matters, in order to expoſe them, in a cru- 
cible or other ſuitable veſſel, to a heat by which their na- 
ture is to be changed. Detonation is a ſudden change by 
heat, 
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BOOK u. heat, accompanied with conſiderable noiſe, which takes 
place only on nitre and mixtures into which it enters, 
Decrepitation is a fainter degree of detonation. © Fulmination 
is a more rapid, vigorous, and noiſy detonation Sublimation 
is the volatil:zing of dry, folid, and often cryſtallized ſub- 
ſtances, by means of fire. Ehullitiom is that chauge of li- 
quids into vapour, which is occaſioned when they are pene- 
trated by heat to a certain degree of intenlity Evapora- 
tion is alſo the conve: ſion of a liquid into a ſtate of elaſtic 
fluidity, not, however, by the penciration of the whole 
maſs of liquid by a ſtrong torrent heat, but merely by the 
action of this heat upon the upper and exterior layers of 
the maſs of liquid. Di/fi{lation is a proceſs of evaporation 
performed in cloſe veſſels, and fo as to collect the products. 
Rectiſication is a ſecond proceſs of diſtillation performed 
upon the products of the firſt. Concentration d ffers from 
rectiſication, in that the former carries off the precious 
part of the liquid into the receiver ; but the latter, vola- 
tilizing the leſs precious part, leaves that which is more 
valuable in greater ſtrength than before, in the cucurbite. 
Digeſtion is the expoſure of ſubſtances which we with to 
act gently upon one another, to a mod rate but long-con» 
tinued heat. I. fuſtiom is the extraction of the more ſoiuble 
parts of certain ſubſtances, by means of hot water poured 
vpon them. Deroction is the continued ebullition of water 
with ſubſtances on which it acts when hot; and is uſed to 
ſeparate thoſe parts of bodies, which are not ſoluble by a 
more moderate heat. By lixiviation, we diſſolve in hot wa- 
ter, the ſaline and ſoluble particles of ci'nders, the reſidues 
of diſtillation ar:d combuſtion, coals, and ſuch native earths 
as we deſire to analyſe. 
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VII. But, in conſequence of the late advancement of POOK I. 
chemiſtry, in that particular d-portment of the ſcience, which 
is called Pneumatic chemiflry, becauſe it is emploved upon Pneumatic 
fubſtances in an aerial or elaſt1--fluid ſtare; a particular ä 
paratus has been found requiſite, for thoſe numerous pro- F 
ceſſes, which are now to be performed on matters in this "Ll 
ſub ile form. In order to perform pro.cfſes in which e- | : 
laſtic fluids ar to be principally concerned, one very ſimple 
method will ſuffice for preſcrving air in any veſſei, and for 
emptying it out of one veſſol into another. Taka wood- 
en tub of a conſiderable capacity. Place in it a ſhelf for 
the reception of j its of glaſs. Pen, plunge into the tub, 
and under water, one or niore- jors of glaſs. Let them be 
filed with the water. When they are filled, invert them, 
with the mouth downwards. Although thus inverted, they 
will ſtill remain full, upon the ſame principle upon which 
the mercury is ſuſtained at its uſual height in ti e barome- 
ter. While theſe jars remain thus inverted and full of wa- 
ter, introduce under their mouths and into their lower ca- 
pacity, any cup or phial or other ſmall veſſel which you 
have ſuddenly plunyed into the tub, with its mouth down- 
wards. The ſmaller veſſel having been plunged into the 
water with its mouth downwards, would enter it, full of 
air. Reverted under the mouth of one of the inverted 
jars, it wiil give out its air, and will be filled with water. 
The air eſcaping from that ſa:al er veſſel muſt nece ſſarily 
aſcend to the upper part of the jar, and there diſplace fo 
much of the water filling the jar as to make room for it- 
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ſelf. This is the proceſs for emptying elaſtic fluids out of „ 
one veſſel into another, for the purpoſe of any ther pro- © 
ceſſes which are to be per'ormed with them. If the neck 5 
of the receiving veſſel, be narrow, a funnel of glaſs may be 2 
employed, 5 

x 
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BOOK IT. employed, to communicate between it and that out of which 
the air is to be emptied. A retort, in which are contained 
matters of which the reaction is to afford a product of ſome 
particular gas, may, by means of ſuch a funnel, be ſo con- 
nected with a glaſs inverted in water, as that the former 
ſhall, through the funnel, pour into the latter, the gaſeous 
product of the reacting matters in the retort, in proportion 
as it is evolved. A retort intended for ſuch an operation, 
may be made very thin at the bottom, that the flame of a 
candle may act on it without burſting it. For ſupporting 
any thing at a conſiderable height within a jar, particular 
Hands of wire, may be employed. The barrel of a gun, hav- 
ing the touch-hole carefully ſcrewed up and riveted, may 
be advantageouſly uſed inſtead of an iron retort, in the ex- 
traction of gaſes out of ſolid matters. Put the ſubject of 
the proceſs into the chamber of the barrel, Fill up the 
reſt of the bore with dry ſand, thoroughly purified by 
burning, from any air that might remain in it. Let the 
ſtem of a tobacco-pipe, or any ſmall tube of glaſs, be fixed 
with putty into the orifice of the gun-barrel. 'Then put 
the other extremity into the fire. The gas diſengaged 
will paſs, of courſe, out at the orifice, through the tube, 
and may be received into a jar under water, as before. A 
ſtill more accurate mode of obtaining gaſes from ſolid or 
other matter, is—to-put the matter under experiment into 
a phial over this, fill up the phial with mercury ;—in- 
vert, then, the veſſel into a baſon filled with mercury, as in 
the conſtruction of the barometer z—throw upon its cloſe 
and upper end, the focus of a burning lens or mirror ;— 
The aerial product, as it is extracted, will occupy the upper 
part of the phial; and the mercury, to make way for it, 
will deſcend, as ſoon as is neceſſary into the baſon. Then 
5 | by 
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Manipulations of Chemiſtry. 47 
by a pipe or funnel properly introduced, the gas may be BOOK It. 
conveyed away, as it is extricated, into a receiver. It will 
be neceſſary in proceſſes of this nature, to prefer quickſil- 
ver to water, particularly for the extraction of all ſuch gaſes 
as have a tendency to combine with water. To try whether 
any particular gas be fit to maintain cembuſſius, introduce 
carefully into the phial containing it, a bit of a lighted wax- 1 
en taper, properly fixed upon a wire. For the meaſurement 
of the qualities of gaſes, in order to aſcertain their relative 
degrees of denſity or rarity, to mark what changes of di- 
menſions the fame air may undergo in any particular pro- 
ceſs, and to know preciſely what portion of an air is uſed 
in this or that inſtance ; uſe a narrow, graduated, cylindri- 
cal veſſel, The graduation may be accompliſhed by pour- 
ing in ſucceſſion, equal meafures of water into the veſſel ; 
and marking the exterior ſurface, when each meaſure is 
poured in, at that. particular place at which the upper ſur- 
face of the whole water now ſtands. The EUnDlIoOMETER is Foumtour- 
an inſtrument which enables us to aſcertain the particular 
degree of the purity of common air, by mixing with it, nit- 
rous air, in accurate proportions. The principle upon which 
nitrous air becomes fit for this uſe, will be hereafter explain- 
ed. As water or mercury cannot be employed in the ex- 
traction of gaſes from ſubſtances in the ſtate of powder; 
it may be ſufficient, with theſe, to place them on a ſtand, 
under the exhauſted receiver of an air-pump, that the gas 
as it is developed, may be poured into this receiver. The 
electric ſpark may be made to paſs through gaſes, by means 
of wires to introduce it through the veſſels in which they 
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are contained, and through the ſubſtances by which they by 
are preſerved in their ſeparate ſtate. Mater may be impreg- * 
nated with any aerial fluid, ſuch as fixed air or carbonic- acid- 5 
gas, 55 
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BOOK Il. gas, by inverting into a baſon of water, a quart · bottle filled 


"7 > with the ſame fluid; then, as the fixed air is by another 


proceſs procured, —by pouring it through a proper funnel, 
into an inverted bottle of water; and laſtly, by agitating this 


| bottle, tili the water ſhall have abſorbed as much gas as it can 
contain. Bythisproceſs, may natural, aerated waters be artifici- 


Noorn's 
apparatus. 


ally imitated. Dr Noorn's 4 PaxATvs for the impregnation 


of water with fixed air, conſiſts of three different veſſels of 


glaſs, of which the middle is inſerted at one end into the 
loweſt, and again, receives into it, the lower extremity of 


that which is uppermoſt. They thus ſtand perpendicular- 


ly, one above another. An orifice, with a proper ſtopper, 
permits the introduction of the materials which are to af- 
ford the required aerial fluid, into the loweſt of the three 
veſſels. In this veſſel, the gas is diſengaged. The middle 
veſſel is filled with water: but a proper valve prevents this 
water from deſcending into the loweſt veſſel, and yet pre- 
vents not the extricated air from aſcending into that which 
is in the middle. The uppermoſt of the three veſſels is left 
empty; nor is the acceſs of common air carefully excluded 
from it. The air diſengaged in the loweſt veſſel, continual - 


ly aſcends, forces the water from the middle veſſel up into 


the higheſt, expels the common air out by the ſtopper of 
this laſt, fills it wholly with acrated water, and thus affords 
by a very accurate and ſimple proceſs, whatever quantity of 
aerated water is wanted. The aerial produdts of common. diſ- 
tillation, before the recent improvements in pneuma- 
tic chemiſtry, were uſually ſuffered to eſcape out at a ſmall 


hole, perforated for this purpoſe in the upper part of the 


retort. More recently, it has been contrived to uſe in diſ- 
tillation, a number of veſſels, arranged one beſide another, 
and communicating—the firſt by a proper funnel with the 

| retort 
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retort in which the diſtillation goes on,—this again by ano- BOOK . 
by — 


ther funnel, with the ſecond, — that with the third, —this, 
if neceſſary, with a fourth, and ſo on to any number; 
only taking care to make the laſt communicate by a ſuitab- 
ly bent pipe with an inverted veſſel of glaſs containing mer- 
cury. By this contrivance, all the products of the diſtilla- 
tion are preſerved. The leaſt volatile are condenſed and 
detained in the firſt receiving veſſel. The reſt are ſuc- 
ceflively condenſed and alſo detained in the order of their 
volatility. 'The moſt volatile are at laſt received into the 
veſſel with mercury, which terminates the ſeries. Or, in- 
ſtead of this ſeries of veſſels, we may adopt the ingenious 
contrivance of Mr Woulfe, which ſwells the body of the 
receiver to a conſiderable rotundity and capacity z and then 
gives it two orifices beſide that communicating with the 
retort, one lower by which the more denſe and liquid 
products of the diſtillation may paſs,—another, higher up in 
the body of the receiver for the purpoſe of carrying 
by a proper pipe and into ſuitable veſſels, thoſe products 
which are in their nature more volatile. 'The apparatus 
invented by Mr Warr, for procuring gaſes in large quanti- 
ties, in order to medical purpoſes, —conſfiſts of an alembic, 
long pipe conducting to the refrigeratory,—a refrigera- 
tory of conſiderable capacity,—a hydraulic bellews into which 
the gas is conveyed from the refrigeratory, that it may be 
farther cooled, —and laſtly an air- Holder into which a tranſ- 
fer-pipe diſcharges the air from the hydraulic bellows. A 
very clear deſcription of this apparatus by Mr Watt him- 
ſelf may be ſeen in full detail in the work of Beddoes and 
Watt on Factitious Air. 
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ELEMENTS or CHEMISTRY. 


- BOOK THIRD. 


or THE NATURE AND LAWS OF CHEMICAL ATTRACTION ; 
AND OF THOSE DIFFERENT SUBSTANCES WHICH THIS, © 
SCIENCE ACKNOWLEDGES AS THE PROPER 
SUBFECTS OF IrS INVESTIGATIONS. 


—k—k j— ä — 
SECTION FIRST. 


or THE NATURE AND LAWS OF CHEMICAL ATTRACTION. 


Cen was define1 to be, a SCIENCE WHICH IN- BOOK IE 
VESTIGATES AND EXPLAINS THE LAWS OF THAT AT IRAC> I. 
TION WHICH ACTS ONLY BETWEEN THE MINUTE cours 
NENT PARTICLES OF BODIES, Of that AT rRACT10N, there , erncral 
are a few general laws, ſuſceptible of bein, ciearly aſcer mical at. 
tained, before we proceed to diſtinguiſh the diffrent forts (hn won 628 
of chemical ſubſtances. Theſe are laws univerſally appli-vf the 46 
cable; forming the chief grounds of diſtinction, upon CES 
which the moſt general claſſes of chemical matters, are to ſubſtances, 
be fixed and characterized; being, in fact, the moſt gene- 
ral reſults of the whole maſs of chemical obſervations and 
experiments which have been made by mankind, fince the 
beginning of time. | os 


All a4TTRACTION is of two ſorts; that which acts be- 
tween maſſes of matter, in the rativs of their quantity, and 
| D 2 of 


"yn Nature and Laws of Chemical Attraction. 


BOOK III. of the ſquares of their mutual diſtances ; and that, again, 
* which acts only between the minute, cqmponent particles of 
2. bodies brought into actual contact, and is therefore called 
— chemical attraFion. The former attraction regulates all the 
ad from great motions of the univerſe, and is the ſubject of every 


— N branch of mechanical philoſophy. Its phcenomena every 
where ſtrike the ſenſes more obtruſively than thoſe of che- 
mical attraction. But, even of this latter, the natural in- 
dications are ſufficiently frequent and obvious, to force 
themſelves upon the notice of the moſt careleſs obſerver. 

5 The following are the general laws of chemical attrac- 

we © tion. | | 

| <= I. It is the firſt law of chemical attraction; that, A 

TE um homogeneous bodies, or bodies of which the minute component par- 
ticles are penfecily femilar to one another, have a natural tenden- 
cy to remain in contaft, until they be ſeparated by the action of © 
fome ſuperior force, mechanical or chemical. The chemical at- 
traction deſcribed in this law, is called The attra#ion of ag- 
gregation, It takes place in the inſtances of ſtones, wood, 
ſnow, water, air, &c. Any body of which the parts are 
held in union by this ſpecies of chemical attraction, is call- 
ed an aggregate. A heap differs from an aggregate, in be- 

ing an accumulation of ſmall bodies ſimilar to one another, 
but not coherent. A mixture is a collection of ſmall bo- 
dies, diflimilar to one another, and alſo without coheſion. 
A mixture by confuſſon, is produced when two heaps, ſuch as 
one of flowers of ſulphur, and one of nitre in powder ; are 
confuſedly blended together. Rock cryſtal, wood, glaſs, 
diamonds, and other homogeneous bodies of a ſimilarly ſo- 
lid and coherent confiſtency, are named hard aggregates. 
| Soft aggregates are thoſe of which the component parts may 
be moved backward and forward with the finger almoſt 


without 
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without effort. Of this ſort are ſnow, ſoft ſoap, and other BOOK III. 


$3 


bodies of a like conſiſtency. Water, wine, beer, and milk, SECT. I. 


are fluid aggregates. All trial matters are denominated 
eriform aggregates, Theſe different forts of aggregation 
are but ſo many different degrees of the ſame force ; which 
is ſtrongeſt in the hard, and weakeſt in the eriform aggre- 
gate. Theſe ſeveral aggregations ſubſiſt, as we ſee, in na- 
ture. Art can, for the moſt part, both deſtroy and reſtore 
them, at pleaſure. In reſtoring any bodies to the ſtate of 
hard aggregation, art can generally manage its proceſſes, ſo 
as to form the body in its hands either into an irregular 
maſs, or into ſo many cryflalline forms, bounded by regular 
lines, angles, and ſurfaces, This laſt ſort of change from 
the fuid to the ſolid tate, is called cryſtallization. 


II. All the other chemical attractions are called attrac-Szconm 
tions of compoſition. They take place between bodies af 


which the component particles are reciprocally heterogene- 
ous ; as when ſugar is diſſolved in water, when wine and 
water are mixed together, when water is evaporated by 
combination with heat, 

It is, therefore, the ſecond law of chemical attraction ; 
that, This attraftion of compoſition can take place only be- 
teen bodies which are different in their nature. The at- 
traction of compoſition is, in truth, never ſtronger, than 
when the bodies between which it acts, are, in nature, the 
moſt eſſentially different from one another. Acids and al- 
kalis, ſalts perfectly oppoſite to one another in their pro- 
perties, enter into the moſt intimate mutual union, Al- 
kalis and ſulphur, acids and oils, acids and metals, water 
and ſpirit of wine are, in the ſame manner, exceedingly op- 
poſite to one another in their qualities, yet diſpoſed to 
combine together with remarkable energy. Nothing can 
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_—_ 6 be more certain, than that the ancient chemiſts were entirely 


Taird Law, 


FovaTu 


LAW. 
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miſtaken, when they ſuppoſed the affinity of compoſition 
to tak» place; chiefly in conſequence of a mutual reſem- 
blance in the properties of the bodics which it drew into 


combination. 
III. The next bw of chemical attraction, is, that, The 


attraction of compoſition act only between the minuteſ} particles 


of bodies. Bodies, in truth, cannot become the ſubjects of 


chemical examination, till th-ir natural coheſion, their at- 


troct on of aggregation be deſtroyed. So long as a lump 
of ſugar immerſed in hot water, remains hard and in a 
lump; its parts can be neither combined with the water, 
nor ſuſpended in it. The more bodies are comminuted ; 
ſo much. the more do they tend to ready combination, 
Aqueous fluids are brought more eaſi y into combination, 
than a fluid and a ſolid ; zrial, elaſtic fluids unite ſtill more 
readily than thoſe which are merely aqueous, Indeed, where 
the caloric is very. powerfully combined with the baſe of an 
elaſtic fluid; in this caſe, the zriform ſtate tends rather to 
make it remarkably averſe from any new combination. In 
general the attraction of combination, is in the inverſe ratio 


of that of aggregation. 
IV. The fourth of theſe laws of the attraction of che- 


miſtry, teaches; that, more than two different bodies can be 


brought together at once, by the attraftion of compoſition. A 


_ vaſt multitude of chemical bodics are known to unite in 


compounds conſiſting each of two ſimple ſubſtances. There 
are a few inſtances of three ſimple ſubſtances combined in 
one compound, There are metallic compounds in which 
four ſimple ſubſtances are intimately combined. It is not 
improbable but there may be. in nature, compounds form- 


ed by the | union of five, ux, ſeven, or even eight Gmple 
Frames 
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chemical combinations were better known. 


It is much to be wiſhed that the more complex BOOK 10. 


V. The fifth law of chemical attraction requires; that, Fir r Law. 


of any two bodies which tue defire to unite by means of the at- 
traction of compoſition,” at leaft one ſhall be previouſly brought into 
a fluid flate. Corpora non agunt, nifi ſint ſoluta, uſed the an- 
cient chemiſts to ſay. No two fubſtances remaining in a 
ſolid ſtate, can ever be brought into combination. Of all 
bodies, thoſe which are the moſt fluid, ſuch as the gaſer, 
combine the moſt eagerly. Simple trituration in mu 
contact, may indeed ſeem to accompliſh ſome combi 
tions. But, in theſe caſes, the trituration appears merely to 
reduce the bodies to ſuch a comminuted ſtate, that they 
then attract the requiſite moiſture from the atmoſphere. 
When of thoſe bodies propoſed to be united by the at- 
traction of compoſition, there is one in a ſolid, and one in 
a fluid ſtate; that act by which they unite, is termed ſolu- 


vent and the ſubſlance to be diſſobved, there is no neceſſary 
diſparity in power of chemical attraction. The difference 
is merely a mechanical one; and it is, properly, a mechanical 
agency alone, by which the parts of the ſolid are brought, 
one after another into that contact with the parts of the 
fluid, which is neceſſary in order that they may unite. 


nun. Between the fluid and the ſolid, however,—the ſol. 


VI. By the fixth of theſe laws it is aſcertained ; that, rs 14, 


tion ; their temperature undergoes a change at the inflant of their 
union. All the combinations effected by art, are at leſt at- 
tended by this phænomenon. Sometimes it is a change 
from cold to hot; at other times it is a change from hot 
to cold, which takes place. The application of the ther- 
mometer never fails to indicate this change of tempera- 

oe ture. 
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Nature and Laws of Chemical Attradion. | 


ture. It is obviouſly occaſioned . or dil. 
* — of ſubſtantial heat. 

VII. The properties of the compound formed wwhen any ta 
er more bodies enter into combination by means of the attrafion 
of compoſition, are entirely different from the properties which 
were poſſeſſed by the ſeveral bodies before their union. This is 
the ſeventh law of chemical attraction. It was not recog- 
niſed by Stahl and his firſt diſciples. Meſſrs Bucquet and 
Fourcroy were the firſt chemiſts whoſe reſearches led them 
to affirm this to be one of the laws of chemical attraction, 


- By a vaſt multitude of obſervations and experiments, it 


has been demonſtratively. aſcertained, that, in taſte, in 


form of cryſtallization, in conſiſtency, in odour, in fuſibi- 


lity, the character of compounds is always eſſentially dif- 
ferent from that of their component principles. Cauſtic 
bodies often loſe their cauſticity, in combination : ſubſtan- 
ces whith when ſeparate exhibited no cryſtallization, if 
combined, appear only in cryſtals : fluid ſubſtances will be- 


come by combination ſolid; and ſolids, fluid: Inodorous 


matters often become in combination ſtrong- ſmelling: In- 


fuſible ſubſtances, when combined, often acquire the qua- 


lity of fufibility. Innumerable are the other ſtriking and 
entire changes of properties which take place in combina- 


tion. 


VIII. The eighth law of chemical attraction expreſſes, 
that, the attraction of compoſition is meaſurable by the difficulty 


of defiroying the combination formed by it, between two or more 


bodies, The eagerneſs with which ſubſtances enter into 
combination, ought never to be regarded as any ſure proof 
of the ſtrength of their mutual attractions for one another. 
Subſtances which enter the moſt rapidly into union, are 
often the moſt eaſily ſeparated. But, the degrees of the 

difficulty 


„ 
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difficulty which is found in detaching er ſubſtances WOK; 


out of that combination in which they are united, are an 
infallible meaſure of the force of their mutual attractions. 
This is obvious to any perſon's conſideration. It has been 
invariably confirmed by all the experience of chemiſts. 


IX, By the ninth law of chemical attraction it is deter- Nin rur a0. 


mined, chat, different ſubfances poſeſe in different degrees, 
the power of chemical attraction, in regard one to another: 
and that the degrees of this force ſubſiſling between any two 
ſubſlances, may be determined by obſervation and experiment, 
There are ſome. bodies which art cannot by any known 
means, bring into combination. Iron and mercury, for 
inſtance, water and oil, are certainly not without ſome de- 
gree of mutual attraction for one another; but we cannot 
bring them to unite. Again, the whole range of chemical 
obſervation evinces, that, in nature, chemical ſubſtances are 
continually detached out of any combination in which they 
may be more looſely connected, whenever other ſubſtances 
preſent themſelves with a more potent attractive force, to 
create ſome new compound. All the operations and ex- 


| periments of chemiſtry are founded upon this idea; that 


the degrees of the attractive force with which different 
ſubſtances tend mutually to combine, are infinitely diverſi» 
fied. All that has been as yet done by chemiſtry in inveſ- 
tigating the nature of material bodies, has been only to aſ- 
certain a comparatively ſmall number of the immenſe di- 
verſity of clictive attractions of different ſubſtances for one 
another. Chemiſts have called theſe attractions electiue, 
becauſe chemical ſubſtances ſeem, as it were, to chuſe one 
another out for cloſe combination, with mutual prefe- 
rences, which are not unaptly to be compared to the choi- 
ces made by thinking beings. Let, for inſtance, any two 

bodies, 


ere 
* 


r 
* 
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* bodies, ſuch as an acid and a metallic oxyd, be combined 
— a force of mutual attraction equal to four. Then, 


bring into contact with this compound, a third ſubſtance, 
ſuch as an alkali, tending to combine with the acid a 
force of attraction equal to fx : The conſequence will be, 
that the acid deſerting the oxyd, will enter into a new 


combination with the alkali; and the oxyd will be left in 


a free and ſeparate ſtate. munen. n 


attraction. 


X. The tenth law of chemical attraction is; FOR all 


'purticler of ciatter which are fuſtiptible of unien by chemical af- 
finity, tend continually to form bodies of 4 folyhedral, conſtant, 
and determinate form. One of the moſt beautiful and the 


moſt univerſal phznomena which natural hiſtory and che- 
miſtry have traced throughout the material world ; is that 
of cryſtallization. We never ſee any matters combine into 
bulk and magnitude from the minuteſt diviſion of particles 


of which they are ſuſceptible, without perceiving that 


combination to take place with a tendency to ſome deter- 
minate regularity of form. The great Linneus of Sweden, 
M. Rome de Lille, and the Abbe Hauy have happily tra- 


ced the phænomena of cryſtallization through a vaſt 


multiplicity of inſtances. No contradictory general fact 
has been obſerved. Whether conſolidating from a ftate of 


- fufion, or from a ſtate of ſolution, bodies ſtill tend to re- 


gularity of form. It is with great propriety, that M. 
Chaptal has added this to the other laws of chemical at- 


traction. 
Tusk are all the known general laws of chemical at- 


Manner i in traction. It is not difficult to conceive, how theſe laws 
ble attrae · muſt act in that ſimple caſe, in which only two ſubſtances 
ad ma are ſuppoſed to be preſented to one another, and to enter 


into 


Nature and Laws of Chemical Attraction. 


into union. But, this rarely happens, either in nature, or BOOK Il, 
in the laboratory of the chemiſt. Compounds are uſually ay 


brought together, to decompoſe one another, and produce 
new compounds by the power of the elective attractions 
of the ſeveral ſimple ſubſtances. The manner in which 
the attractions then act, may be beſt expreſſed in ſome 
ſuch table as that below. Sulfate of petaſh, and nitrate of 
lime, are two neutral ſalts neither of which can be decom- 
poſed by either of the two fimple principles in the other, 
ſeparately applied to it. But, let the two compounds 
be brought together in ſolution, a reciprocal compoſition 


Nitrate of potaſh 


— 


Potah 7. Nitric acid 


In this example, thoſe attraftions whoſe force tends to 
retain the two ſalts in their original combination, amount 
to 12: the potaſh and the ſulfuric acid being held toge- 
ther in the ſulfate of potaſh, by the attraction of 8: and 
the nitre and the lime being held together in the nitrate 
of lime by the attraction of 4. Such is the ſtate of the 
quieſcent attractions acting in this ſolution, in order to pre- 
ſerve the neutral ſalts the ſame as tey were at the firſt. 
But, on the other hand, the potaſh is drawn to combine 
with the nitric acid by an attraction of 7; while the ſulfu- 


RE CT Ee I a 


OBS IDO ST ̃ ˙A . CES AO 


Nature and Laus of Chemical rudi. 


BOOK ML ric acid and the lime have for each other » mutual attrac- 
tion of 6; ſo that the ſum of theſe ſecond two attractions 


is equal to 13, The ſum of 13, the whole force of the 
attractions tending to form two new neutral ſalts in the 


ſuppoſed ſolution, exceeds the ſum of 12, the attractions 


tending to prevent that change. The old ſalts are there- 


fore decompoſed, and the new ſalts are formed, as is re- 
preſented in the table above. This is an example of the 


moſt intricate of thoſe attractions which uſually take place 
in the chemical changes of bodies. It happens not unfre- 
quently, that, of three ſubſtances, two in combination, and 
one ſeparate, there ſhall be an attraction between the ſub- 
ſtance which is ſeparate, and one of thoſe which are in 
combination, ſufficiently powerful to decompoſe the old 
compound, and form a new one. But, the learner may 
without much difficulty, form to himſelf a clear idea of 


what takes place in this inſtance. Every obſervation he 


ſhall hereafter have occaſion to make, every experiment 
he ſhall witneſs or perform, will not fail to make this 
matter continually more clear to him. 

It is ſcarcely neceſſary te obſerve farther concerning 
theſe laws of chemical attraction; that the eight laſt are, 
ſtrictly ſpeaking, but ſo many different modifications of 
the ſecond. They might be all reduced to two z one for 


aggregation ; Ie ys 


SECTION 


Simple and Compound Subſtances. 6 
- SECTION SECOND, 


ENUMERATION AND ARRANGEMENT OF THE $SUB- 
JECTS or CHEMISTRY ;—DISTINGUISHING THEM 
INTO CLASSES, DEEP CO AND $PE- 
ClES. 


* 


Ta; general Laws of Chemical Attraction, explained 2— 
in the — Section, reſpect material exiſtences in —.— 
general. We are, henceforth, to trace thoſe Laws in 
their particular applications to the various ſubſtances upon 
which Chemiſtry is to be employed, Theſe may be ar- 
ranged in Claſſes, Orders, Genera, and Species. N 

I. The SIMPLE Subſtances, or rather Sub/tances which 
have not been, as yet, decompuſed, may be regarded as the 
principles of ſo many diſtin CLassEs, _ 

Theſe are—Caloric, Lumen, Oxygen, Hydrogen, 
Azote; Carbon, Sulphur, Phoſphor ; Muria,  Borate, 
Fluore ; Silice, Alumina, Baryt, Strontiana, Lime, Mag- 
neſia, Potaſh, Soda, Adamantina, Ceylonica; Arſenic, 
Molybdena, T'ungſten, Manganeſe, Nickel, Cobalt, Biſ- 
muth, Antimony, Zinc, Iron, Tin, Lead, Copper, Mer- 
cury, Silver, Gold, Platina, Uranite, n Mena- 
chanite, Titanite, 

The BINARY COMPOUNDS may be regarded, as con- 
N flituting ſo many ſeparate ORDE Rs. 

Theſe are,—The Electric Fluid, Gas-Oxygen, Gas- | 
Hydrogen, Gas-Azote; all the comfiound acid baſes, Suc+ 
cine, 


Simple and Cempound Subſtances , 


cine, Acete, Tartare, Pyro-Tartare, Oxale, Galle, Ci- 


ke tre, Malle, Benzoe, Pyro-Ligue, Pyro- anuce, Camphore, 


Lacte, Saccho-lafte, Forme, Pruſſe, Sebace, Lithe, 
Bombe; the Sulphures, Carbues, Phoſphures all the 
metallic Oxydes and amalgams, with all the various hy- 
dro-carbonous compounds, however differing in their na- 
ture, from the acid baſes of a ſimilar origin; and all the 
unions of the ſimple earths with other ſubſtances which 
are believed to be of equal ſimplicity. Theſe matters ap- 
pear to conſiſt, ſimply, of two principles. But, the eſti- 
mation is inaccurate, by which they are thus ſtated, 
Fven the Ficlds, may, with ſome inaccuracy, be ar- 
raigned with them. | 

The ComMPounDs of tlieſe CompounDs, are the Gx- 
XERA. Such are the NEUTRAL SALTs,—many of the 
IMMEDIATE PRINCIPLES of Animals and Vegetables, 
&e. &c. | | 

| The 8PECIEs are, in every department of Nature and 
and Art, the ſubordinate compounds of theſe GENERA, 
more complex, yet regular in their compoſition. 

Ihe VARIETIEs of theſe Speis, are extremely nu- 
merous. "The InDIvIDUALs comprehend all the moſt 
complex, chemical combinations, whether of Nature or 
Art. 

Buch is the moſt orderly plan of arranging the ſubjects 
of Chemiſtry, agreeably to the received Laws of Logical 
Abſtraction. In the following part of this work, this 
plan of arrangement is to be followed, not with inconve- 
nient and pedantic rigour, —but with ſuch deviations as 
| appear neceſſary to eaſily intelligible explication. 

- The FevkTH Book, immediately ſubſequent, exhi- 
bits the Chemical Hiftery of thoſe leading CLass1y1c or 
ELEMENTARY 


Simple and Compound Subancen 


ELEMENTARY Subſtances, Light, Caloric, Oxygen,» and BOOK nn. 
Hydrogen;—with thoſe of their immediate compounds, c MF — 


which conſtitute ORDERs. 
Tur Frru Book gives the hiſtory of all thoſe ranks 


| Subſlances which, in their combination with Oxygen, afford 
Acids. Such are,—Azote, Carbon, Sulphur, Phoſphore, 


Mutia, Borace, Fluore.— There follows a deviation from 


ſtrict ſcientific order of arrangement, in the introduction 
of the hiſtory of the compound Acid baſes, immediately 
after that of the Simple. Theſe compound Acid baſes are, 
Succine, Acete, Tartare, Pyro-Tartare, Oxale, Galle, 
Citre, Malle, Benzoe, Pyro-Ligne, Pyro-muce, Cam- 
phore, Lace, Saccho-Lacte, Forme, Pruſſe, Scbace, 
Lithe, Bombe. Of theſe, ſome are binary, ſome ternary 
compounds. 'They are diſpoſed in the ſame Book, with 
the Simple acid baſes, ſolely becauſe it ſeems likely, that 
in this place, their hiſtory may the moſt eaſily lead the 
ſtudent to-underſtand the true nature of the Acids, The 
hiſtory of the Acids is given with their baſes. 

The $1xTH Book joins to the hiſtory of thoſe Simple 
Subſtances, which are denominated Earths and Alkalis, 
the hiſtory, alſo, of Ammoniac, that compound ſubſtance 
which is, alſo, regarded, as an alkali. With theſe, for 
the ſake of convenience of explication, it gives the hiſtory 
of all thoſe Neutral Salts, in the formation of which, Al- 
kalis combine with Acids. 

The SEVENTH Book gives the Hiſtory of the Simple 
Subſtances known by the common name of METALS, 
with that of the Orders, Genera, and Species of the me- 
tallic Compounds. 

In the Ei6HTH Book, is given the hiſtory of various 
compounds, generic and ſeciic, which required to their 

proper 
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conſtruction, re, to render indiſpegſibly neceſſary. 


Simple and. Compound SubSames. 


BOOK. proper explanation, 2 length of details, foch as would 
bee made their earlier introduction in the courſe of the 


Work, not a little perplexing and inconvenient. Such 
are, the Chemical hiſtory of Diamond, Oils, Bitumens, 
Pit-coal, Peat, with the account of all the immediate prin- 
eiples of animal and vegetable matters in general. 

To the NI x TH Book, deſtined to cloſe the Work, is 
referred, the application of the principles of Chemiſtry to 
explain the Origin and Structure of the Earth, — the Vital 


and Organic functions of Animals and Vegetables,—the' 


beſt practice of Agticultute. and the ratio of a number 
of the principal, Chemical Arts. a | 

© Several other things, of importance, tho' not eaſily re- 
ducible into the ſituation of parts of a ſyſtem, are referred 
to appendices. One of theſc is, a more particular account 
of the Old theory of Phloge/ton, than could be conveniently 
given in the introductory hiſtory of Chemiſtry, Proofs of 
the acquaintance of the Engliſh Philoſophers in the laſt 
century, with the Lavoiſierian Theory, fill a ſecond arti- 
cle of Appendix. A third is employed in explaining a 
Theory which will, ſoon, probably, attain to the dignity 
of demonſtrated ſcience, and which repreſents LI ME as 
Oxygen in a concrete ſtate, and the two fixed Alkalis, as 
of a kindred nature. Some poſitions of the ingenious 
CounT RUMFoRD, are conteſted, and refuted in ano- 


ther Article of Appendix. Another is employed to ex- 
plain the proofs of the Compoſition of the Elac. ic Fluid. 


The General Table of Chemical Subſtances which was 


conſtructed by the French Chemiſts, is, here, introduced 


with ſuch variations as the new diſcoveries, ſince its firſt 


New 
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New diſcoveries made public between the time of tho = 
printing of the firſt part of this work and that of the ſecond, gays 
have been introduced in its progreſs. In one or two in- 
ſtances, therefore, an old doctrine that has appeared to- 

- wards the beginning is ſupplanted by a new doctrine to- 
ward the end. 
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ELEMENTS or CHEMISTRY. 


BOOK FOURTH. 


OF SOME SIMPLE AND NON-ACIDIFIABLE SUBS TANCES, 
WHICH ABOUND ALIKE IN ALL THE KINGDOMS 
OF NATURE. 


Orr r—oo_— _G__— 
SECTION FIRST. 


$; ©, LIGHT. 

£ 
Lace is » fublance of which chemiſtry has been, hi- Book ty. 
therto, little able to explain the nature. It communicates L J. 

to the human mind, through the ſenſations of fight, the 1. 
notions of diſtance; form, and colour. It ſeems to proceed Pryvca | 
in inceſſant diffuſion from the ſun and the fixed ſtars ; 0 
move commonly in ſtraight lines; to be continually abſorb» 
ed, reflected, or refracted by all the non-luminous bodies 
with which it comes into contact. Its motion has been 
calculated by the moſt eminent aſtronomers, to be at the 
rate of 167,000 geographical miles in a ſecond of time, 
Its rays continually either diverge from the ſame common 
focus, or converge towards it; never moving in perfectiy 
parallel directions, in regard to one another. Such is its 
elaſticity, that the angle of its reflection from opaque ſure 
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BOOK IV. other material bodies are in reſpect of light, either iran/þa- 


— — rent or ur. The tranſparent are thoſe through the pores 
of which the rays of light are eaſily tranſmitted, fo as to il- 
luminate bodies beyond them. The gpagque are bodies 
through which light does not penetrate, but which reflect 

> and abſorb it. Air, glaſs, and ſome other ſubſtances of a 
tranſparent character, tranſit light without refracting it. 
But, the greater number of tranſparent bodies refract it 
from the ſtraight line under a certain angle, as it paſſes 
through them. Incombuſtible tranſparent bodies refract 

the rays of light paſſing through them, in the direct ratio 
of their reſpective denfities. Combuſtible bodies refract 
light, in the direct ratio of their combuſtibility. It is only 
in its paſſage out of a thinner into a denfer medium, that 
this refraction of light takes place. Other ſubſtances, pro- 
pelled out of a thinner into a denſer medium, are, in con- 
ſequence of this, liable to recede till farther and farther. 
from the direction of a line drawn perpendicular to that 
point from which their motion commenced : But, light, on 
the contrary, in its refraction, always converges more or 
leſs backward, towards this perpendicular. 

_ i 4 Every ray of light, when indecompounded, diſplays only 

by the one lucid white colour; but, is ſuſceptible of a decompoſi- 

prim. tion by which this white is reſolved into ſeven diſtinct co- 
lours. Theſe are red, orange, yellow, green, blue, purple, 
and violet. This decompoſition is not effected by the laws 
either of mechaniſm, or of chemical analyſis, but by a 
mode of reaction peculiar to light itſelf, and not yet ſuſſi- 
ciently underſtood. Paſſing athwart falling rain, the rays 
of light ſuffer a ſimilar decompoſition ; and hence appear 
in the rainbow, analyſed into their ſeveral primary colours. 
Of opaque and tranſparent bodies, very many decompoſe 
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in part the rays of light, while they refledt or refraft them. BOOK IV. 


Sect. I. 


Upon this partial decompoſition of light, effected in ditfe- 


rent ways by different ſurfaces, ſeems to depend all that 


diverſity of colours which diſplays itſelf to the human eye 
in the material world. One opaque ſurface reflecting the 
rays which fall upon it, undecompoſed, is therefore white ; 
another abſorbing whatever light falls upon it, is conſe- 
quently lilac; a third abſorbing all the primary colours in 
the light to which it is expoſed, fave blue, appears for this 
reaſon to be of a permanent blue colour; and it is thus of 
alt the other colours exhibited by material bodies. _ 


Although we cannot venture to affirm of the priſmatic, hs 


character 


analyſis of the rays of light, that it is produced by any che- - | 


mical agency; although we know only, that the ſeven diffe- 
rent primary colours are ſubject to ſo many different laws 
of refraCtion and reflection; yet nothing can be more cer- 
tain than that light acts the part of one of the great che- 
mical agents of nature. The ſun, while it illuminates this 
Planetary. ſyſtem, probably accompliſhes an unceaſing fixation of 
light in an infinite number of other material bodies : And it is, 
en the other hand, not improbable, that light,—or perhaps rather 
its elementary principles far more ſimple than utſelf,—is continu- 
ally evolved from innumerable bodies in nature, in which it has 


been previouſly fixed, and is thus reſtored to renew the ſubſtance 


of the ſun, out of which it is to be again effuſed abroad. Its ex- 
treme elaſticity, tenuity, and levity are exceedingly favour- 
able to this ſuppoſition. Light is ſo generally perceived 
only in combination with caloric, that we dare ſcarcely 
yenture to ſpeak with confidence. of its ſole and peculiar 
effects in chemical combinations. But, there is no ſub- 
ſtance in nature that can be, for any length of time, ex- 


poſed to its action without ſuffering, in conſequence, a che- 
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ys Light, 
I mical change. Plants are known to owe to the influ 
Coyne of light, much of their colour, conſiſtency, odour, 
and ſapid'ty. Vegetables and fruits, the produce of cli 
mates in which the influence of the ſolar light is the moſt 
conſtant and intenſe, are, from this cauſe in general, much 
more ſapid, odorous, reſinous, &c than ſuch as grow in 
latitudes remote from the equator, and on which the ge- 
nial licht of the ſun is much leſs uniformly and powerfully 
exerted. Expoſed to the ſun's rays, the leaves of living 
vegetables evolve copious ſtreams of vital air : Hid from 
the influence of light, the ſame leaves give out carbonie 
acid- The light of the moon, in union with which there 
is little or no heat, is well known to contribute eminently 
to the ripening of fruits and grains. All metallic oxyds 
| are ſubject to aſſume a deeper ſhade, in conſequence of be- 
ing expoſed in cloſe veſſels to the action of light. Paints 
ers colours kept in windows and in veſſels of glaſs, afford 
a good inſtance of this general fact. Mineral acids expoſ 
ed to the ſun, become fuming, brighter in colour, and 
more volatile: Metallic ſalts, under the fame action, bes 
come black : Animal oils are made by i it, to aſſume a brown 

duſky hue. 

Conjettu s it not probable, that all coloured * ave" Fable 8 wa 


the derge a change of colour by the operation of light long falling upon 
its action 7p —ſelely becauſe thoſe primary colours in the ray, which 


upon co 


loured ſub · they abſorb, enter by chemical attraction into continual combination 

e ith theſe Heer primary colour: which they already contain, 
until there is again compoſed under certain laws, a perfect white 
light or colour, in which all the ſeven te exiſt te- 


gether ? 
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- SECTION SECOND. 


OF CALORIC. 
Or feelings inform us of two different ſtates of the at- Book rv, 
moſphere by which we are furrounded, and- of all — = 
bodies expoſed to our contact; of which we are accuſtomed 
to denominate one het, the other cold. The degrees in which Phycat 
different bodies make themſelves known to our ſenſes, as of bent, or 
bes or cold, are endleſsly varied by an infinite diverſity ob“ - 
circumſtances. In the rays effuſed from the ſun, in the 
Focus of a burning-glaſs, in fires artificially kindled upon 
the earth, in the craters of volcanoes, heat ſeems to our 
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ſenſes to be, in ſome ſort, materially preſent, not as a qua- 55 
ly, but as a diſtinct and peculiar ſubſtance. To the man- 25 
tenance of that Zeat which is artificially produced V kind- i 
ling fires, ſome bodies are incapable of * 9 77 
thing : and theſe are therefore termed Incombeſſible. wy, 
bodies are neceflary to maintain the heat of — „ ber 
and are themſelves diſſolved while they ſupport it. Theſe $50 


are named Combuſtible bodies. It is by our ſenſe of feeling 
alone, that the preſence of heat is made known to us. 
Even when evolved in the ſtate of the greateſt ſimplicity 
and purity of which it is apparently ſuſceptible, it is ſtill 
blended and intimately combined with light, in a manner 
which renders them, to the eye, undiſtinguithable from one 
another, or rather, which makes heat abſolutely inviſible. 

Philoſophers, at a time when ſcarcely aught but mechanical 
philoſophy, was applied to phyſics, were inclined to conſider 
heat in material bodies, rather as a modification of contex- 
tiwand of the inteſtine motion of the parts, than as a peculiar 

vl E 4 


Of Calorie. = 
BOOK rv. ſubſtance in nature. The progreſs of natural hiſtory and 
8. philoſophical chemiſtry, has gradually . chat 

errour. 

In e ee in which Map one nd modification 
of this ſubſtance of heat, it is ſu ject to a peculiar clais of 
nass laws which cannot be reduced under the analogy of 
the principles of eithcr chemical or mechanical philoſophy. 
In its only other great modification, the relations of its exiſ- 
tence and operation, appear to be chiefly chemical As 
to its ſubjection to the general laws of grawita!ion; we know 
, only, that if it poſſeſs not the quality of abſolute ten it is 

at leaſt the lighteft of all material ſubſtances. 

Various means have been naturally and happily 3 
ed to aſſiſt the imperfection of our ſenſations; in judging 
of the different degrees in which bodies are liable to be 

2. bot, —or of the different quantities of heat, more or leſs, 
Derbe which, in conſe quence of a diverſification of circumſtances, 
meaſured. are liable to be, at different times, preſent within the ſame 
extent of ſpace. Our feelings, unaided, afford but very in- 
accurate information concerning this matter; b« cauſe, they 
indicate the preſence of heat, only when the matters pre- 
ſented to them, are hotter than the actual temperature of our 
bodies. When thoſe matters are preciſely of the ſame tem- 
perature wit. our bodies, we are not ſenſible of the preſence _ 
of heat in them : When their temperature is leſs hot than 
that of our bodics, their contact gives us what is called the 
ſenſation of cold Its effect upon material bodies in gene- 
meaſure- ral, which are eaſily viſible to us; afford more preciſe and 
— determinate indications of the degrees of its intenſity, than 

can be derived from our feelings alone. One degree of 
Heat, for inſtance, maintains water and other liquids in 
their fluid ſtate: A heat more intenſe deſtroys the contex- 


c 


ture of animal and vegetable ſubſtances : An. increaſed de- 500 
gree of this ſame heat reduces liquids to a ſtate of elaſtic 

Aluidity ; A yet more intenſe heat is required to reduce me- 
tals to fuſion: The moſt intenſe heat known, is that which, 


in an inſtant of time, burns, calcines, and vitriſies all bodies 


ſuſceptible of combuſtion, calcination, or vitrification.  . : 
But, in order to attain yet greater preciſion in aſcertain- 

ing the degrees of heat, than theſe indications ariſing from 

its effects upon various natural bodies, are able to furniſh ; 


philoſophers and artiſts have found it neceſſary to employ the 


inſtruments before de'cribed, the thermometer and the pyro- 


meter. After the trial of various ſubſtinces incloſed ig Artificial 


| mca.ures 


tubes of glaſs, in order to indicate, by the effects of exteri- meut. 


or heat upon them, in what degrees it ſubſiſts in the bodies 
to which they are thus applied ; mercury has been at laſt 
univerſally preferred, as that which affords the moſt ac- 
curate indications, and admits of the moſt extenſive ſcale. 


The three thermometers of Fahrenheit, Reaumur, and 


Celſius, have been above deſer bed. But, with the ther- 
mometer, it is obviouſly inconvenient to meaſure the de- 
grees of any heat more intenſe than that at which liquids are 
reduced io a gazeous ſtate. Muſchenbroek invented his pyro- 
meter which meaſurcs the degrees of intenſe heat by the ex- 
panſion of a bar of iron; Wedgeword, his pyrometer which 
meaſures heat with great accuracy by the ſhrinking of a plate 
of baked porcelain-earth ; Meſſis Lava ſſer and de Ia Place, 
theirs, which affords ſimilar indications by means of the 
melting of ice in cloſe veſſels; all for the purpoſe of aſcer- 
taining the gradations of that exceſſively intenſe heat: which 
the thermomꝭ ter cannot be conveniently made to meaſure. 
By theſe different initrumenis, thermoaicters and pyrome- 

| | ters, 
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__ - Of Calorie. 


BOOK TV. ters, all degrees of heat are meafurable—from that at which 

Cp mercury is ſubjeſt to freeze, to that by which the moſt 
refrattory and indeftruttivle of metals, * is liable t0 be cal- 
cined, 

3. Natural hiſtory, mechanical llofophy, and that it looſe, 
Chemical jnaccurate knowledge which anſwers the ordinary purpoſes 
tion of heat. of common life, may be content with ſuch knowledge of 

the uſes of bear in the changes of nature, as has been above 

conciſely ſtated, and as may be acquired by the means here 

mentioned. Chemiftry examines it much more particular. 

ly, * „ e ere I eee Yin or 
ter and action. 

5 . the eature and retalonguf hoe; che 
_ 1 miſtry conſiders this ſubſtance, as exiſting among other na- 
preferable tural bodies, in the two different ſtates of free and combined, 
. of or in other words, as perceptible to the ſenſes or latent. Since 

1 heat is a term of popular language, which has been too fre- 

quently uſed, without correct preciſion of ſightfication z 
thoſe chemiſts who have lately laboured with the beſt 

ſucceſs, to exalt their ſcience to the dignity of true philo- 
ſophy, and the beauty of analogical nomenclature and ar- 
rangement; have been induced to reject the term, and 
rather to denominate this ſubſtance by that of caLoricz 
which alone, therefore, ſhall be uſed in the following pa- 
ragraphs of this ſection. 

5 I. CaLokrc, then, in its yxxx ſtate, diſplays with full 
of free, un-energy, all its peculiar qualities. It dilates almoſt all bo- 
combined dies, and holds, as it were, their component parts ſuſpend- 

ed in itſelf, with degrees of dilatation which differ from 

one another, as to the rapidity with which they are effec- 

ted, in direct proportion to the differences—of their re- 

ſpective attractions of aggregation, —and of the quantities 
| of 


Of babe. 
of caloric reſpectively applied to them, This dilatation is BOOK Iv. 


alſo in the direct ratio of the rarity, or the inverſe ratio 
the denſity of bodies. The bodies dilated, undergo this di- 
latation in all their dimenſions, and throughout all their 
parts. Of thoſe bodies which are in nature or by art, ſub- 
jetted to the action of free caloric, ſome remain unaltered 


by all its energy. Rock-cryſtal, however long expoſed to 
the action of free caloric; loſes neither its hardneſs nor 


tranſparency, but appears, after the aſſay, in all its former 
denſity and beauty. Far the greater number of bodies art 


indeed ſubjc& to have their aggregation entirely deſtroyed 


by the action of caloric. In ſolids, this total change of ag- 
gregation is called fon: And by this fufron ſolids are re- 
duced either to a running or to an entirely liquid ſtate. 
Fluids undergoing a fimilar change by the action of fret 
caloric, are reduced to what is called a gazeous or elaftic- 
| Fuid confiſtency ; and the act of the change thus effected 
upon them is named evaporation. Various bodies ſuſcepti- 
ble of fon, are incapable of being evaporated : Theſe are 
by chemiſts faid to be fe: while, on the other hand, bo- 
dies ſuſceptible of evaporation, are termed lud. Free calo- 
ric, whether acting in art or in nature, is the moſt power- 
ful of all chemical agents, and in its agency the moſt ex- 
tenfive. It is employed by chemiſts to ſeparate fuſible from 
infufible, fluid from ſolid, evaporable from fixed, —combuſ- 
tible from incombuſtible=ſubſtances. Combuſtion, one of 


Sec r. IL 
232322 


the greateſt phtenomena in which caloric is concerned, will 


fall to be explained in a ſubſequent ſection. It promotes 


the mutual combination of all ſubſtances to which it is ap- 
plied, preciſely in the ſame proportion in which it perpe- 
tually tends to diminiſh and overcome their attraction of 
aggregation. Applied, not to produce a ſudden and en- 
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_BOOK IV. tire change in the ſtate of bodies, by exceſſive intenſity, but 


'Secr. II. 


Of Calorie. 


yt? act upon them with a gentle and long-continued opera- 


tion; it occaſions uſually an internal movement, —by which 


fluids are at length ſenſibly altered in their colour, taſte, 
and intimate nature,—by which ſolids are gradually chang- 


ed in form, dimenſions, and conſiſtency. Equal quantities 
of different matters, are reſpectively ſuſceptible of contain- 


ing, each, a peculiar quantity of caloric, more or leſs, with- - 


out being reduced to an entire change of ſtate. This 


particular ſuſceptibility in each different matter, is deno- 


minated — its ſpecific capacity of cal:ric : The quantity of ca- 
Joric anſwering to this ſpecific capacity in every different 


body, is named the ſpecific caloric of that body. "The fates 


of bodies in regard to their ſubjection to the action of ca- 
loric, are, the ſolid, the fluid or liquid, and the gazeous or 


_ el:lic-flud ſtate. 


Caloriccon- II. But, chemiſts have diſcovered, that. befide being 


fidered in 


its combi- 40 : 
.CALORIC EXISTS in innumerable cougINArIOoRs, in natural 


bodies, in which its qualities as a fimple ſubſtance, are, a- 
greeably to the known laws of chemical compoſition, loſt, 
for a time, in thoſe new properties which it ſhares, as a 


diffuſed through all material nature, free and uncombined, 


compound. The action of caloric, in a free, uncombined 


tate, falls indeed, with ſufficient propriety, under chemical 
examination; becauſe the diſtinctions between its free and 


its combined ſtate, cannot be, otherwiſe, ſatisfactorily aſcer- 
tained. But, that action nevertheleſs depends chiefly 


upon the mechanical properties of this ſubſtance, and upon 
the attraction of gravitation, ſcarcely at all upon the laws of 


chemical attraction. The illuſtrious Dr JogxPy BLack of 
Edinburgh, firſt made known to chemiſts the exiſtence of 
caloric in a combined ſtate, To this modification of what 
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which are permanently ſuch, probably contain calhric inti- 
mately combined in their very compoſition. Although 
they do not, upon bare contact, affect our organs with the 
ſenſation of heat; yet when decompounded, they uſually 
give out various quantities of ca/oric z which then, either 
foats about in a free ſtate, or elſe enters again into new 
combinations in which its peculiar qualities become latent, 
as before. Even various ſolid. bodies, ſuch as quicklime 
and the cauſtic alkalis appear to give out caloric, while 
they enter into new combinations ; and muſt, therefore, as 
it ſhould ſeem, contain caloric, when they are in the cauſtic 
ſlate. It is certain that light and caloric exiſt very general- 
ly either in mixture with each other, or ina ſtate of mutual 
combination, in which both the ſimple ſubſtances appear 
reſpectively to retain moſt of their peculiar properties. But, 


the laws of this mixture or combination of light with heat 


are as yet far from being diſtinctly and ſatisfactorily known. 
The different ſubſtances thus ſuſceptible of combination 
with caloric, enter into this combination, in different orders 
of elective attraction. Some ſubſtances adhere to caloric, 
more tenaciouſly; others, by a lighter and looſer connexion; 
Some detach caloric from one another; others abſtract each 
other from combination with caloric. Theſe elective at- 
trations of different matters for caloric, will be ſucceſſive- 
ly explained in the ſubſequent progreſs of this work. 


7. 
There i is, in general, every reaſon to induce us to regard — | 


recapitu 


caloric preciſely in the ſame light, as any other chemical tion of the 
ſubſtance, fimple, and peculiar in its character. We ſee —— 
act both as a mechanical, and as a chemical agent. We per- of caloric. 
ceive it to be hidden, like other ſimple, chemical ſubſtances, 

in 


Of Cahrit. 1 
was then known ſolely by the denomination of Feat, he ap- BOOK 1V, 
plied the term latent heat. All gazeous and fluid bodies, SECT. . 
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Of Caloris. 


in combinations, out of which it may be made ta ftart up, 
as it were, into a new exiſtence, and ſuddenly to array it- 
ſelf in all its proper qualities. In ſome combinations, we 
ſee it abiding with ſuch pertinacity, that it is not eafily ſe- 
parable from them. Out of others, its evolution can be, 
without difficulty procured, even by the operation of elec» 
tive attractions of no extraordinary ſtrength. Concerning 


the relations between light and caloric, in particular, it is 


certain, that theſe two ſubſtances generally diſplay theme 
ſelves together; that they aid each other's action; that 
tranſparent or red-hot veſſels of glaſs or other matters, 
being permeable to light, are, on this account, the moſt 
favourable to the operation of caloric in chemical proceſſes; 
that all dark-coloured bodies abſorb and conduRt caloric 
more rapid and effettually than thoſe which are light and 
pale i in their colour, 

Chemiſts have never yet accuflomed themſelves to diſtingusſb, 
pen all occaſions, with due accuracy and preciſion, between the 
MECHANICAL and the CHEMICAL agency of caloric. This 
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SECTION THIRD, 
OF OXYGEN. 


Tuer thin, inviſible fluid which floats every where, a- Book ry. 
round us, and which we name the air, or atmoſphere, is not, der. IIl. 
as may ſeem to vulgar obſervation, a ſimple, uniform ſub- 
ſtance. It is a compound, or a mixture of many gageous ge, is 
matters, which are continually formed in itſelf, or poured from the 
into it from the earth and waters over which it is ſuperin. moſphere. 
cumbent, Among theſe, vital air, or oxygen gas is one of the 
melt remarkable; one which enters, at all times in a conſi- 
derable Proportion into common atmoſpheric air. This 
gas oxygen, analyſed by chemical proceſſes founded upon a 
knowledge of the elective attractions to which its principles 
are ſubject; affords, as its principal conſtituent part, that 
ſimple, undecompoſable ſubſtance, which is known in mo- 
dern chemiſtry by the denomination of oxYGEN. 5 

Nor is it ſolely from the atmoſphere and from vital air , 
or oxygen gas, that oxygen is to be obtained by the proceſſes Alſo from 
of chemiſtry. It is extracted out of innumerable other bo-gther mas- 
dies in nature, both fluid and folid, out of the ah, of er-. 
metals, out of water, out of all thoſe compound, chemical 
ſubſtances which we ſhall ſoon have occaſion to know un- 
der the denomination of acids, out of all burnt bodies, out 
of all thoſe more complex matters into which any of thoſe 
ſimpler compounds enter, which have it for one of their 
principles. | 

This ſubſtance, although exiſting ſometimes in a ſalid, . 
ſometimes in a fluid, ſometimes in an zriform ſtate z is ne- We Herd t 
ver diſtinAly, and abſolutely by itſelf, perceptible to the u- o 

man 


72 2 2 * 


r reren ern 
PTV 
„ ” L 3 7 174 = - —— 


2 
SS: 


x 


- 
* 
i” 


2 9 CE 
* «+ WM i” a . 
_ _— g * 4 


. 
4 >» 


3 
8 


oY 
2 


e 
1 4 
＋ 


e 
3 


3 
2 oh 
— 
ry , 
"Wy 4 . 
4242 1 


my 


=_— 
— 
L 


-—* — 4 
2 : 
3 


8 
— 
— >= # -"&* - 
4 of = £S % = = A 


2 c 
7 A FS - 
n 


be 2 : FP 
„ * 9 4 
* a, \ * * - 
- 1 — M5 < 
l 1 . 


3 


80 | Of Oxygen. 
BOOK IV. man ſenſes. Such is the exility of its conſtituent particles, 

3 that, we cannot detach it as yet from thoſe combinations 

into which, it has a continual and powerful tendency to en- 

ter, with ſurrounding bodies. We know it only in its 

combinations, and by its effects. Nature never preſents it 
' ſolitary z; chemiſtry knows not how to inſulate it. 

x... Gs 
m_—_— , is capable of entering, is that which it forms with liebt and 
light and caloric. The nature of that myſterious union in which we 
caloric; 97 nd Jight and caloric uſually joined, has not yet been clear- 
GEN. ly aſcertained by the reſearches of chemiſtry, But, it is 

certain, that, in the compoſition of vital air, or oxygen gas, 
both theſe ſubſtances are united with oxygen. In the de- 
compoſition of oxygen-gas, light and caloric are always 
evolved ; and oxygen is at the ſame time preciptated from 
the decompoſed, æriform compound, into a new combina- 
tion. On the other hand, the contact of light and caloric 
in ſufficient quantities, never fails to detach oxygen out of 
thoſe concrete compounds in which it exiſts, and to forni 
quantities of gas-oxygen by the proceſs. Theſe facts af- 
ford ſufficient chemical demonſtration of the actual exiſ- 
tence of the ſimple ſubſtance of oxygen, in that zriform 
fluid which is denominated gas-oxygen; although we neither 

diſcern its ſeparate exiſtence, nor feel it with our fingers. 
5.  Gas-OXYGEN, or vital air—as it was once named, is one 
nete ol gm. of the moſt remarkable æriform fluids in nature. Its pe- 
oxygen. culiar character was unknown, till Dr Prieſtley ; who with- 
in theſe few years, retired from England to America; pur- 
ſiuing that tract of pneumatical experiments, which had been 
- firſt opened by Mayow, Boyle, and Hale; diſcovered the com- 
pound nature of atmoſpheric air, and diſtinguiſhed thoſe 
different ſpecies of zrial fluids: which are ordinarily ming- 
{0 | | led 


One of the moſt remarkable combinations into which it - 
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Of Oxygen: 


8. 


led in it. The experiments of Cavendiſh, of Lavoiſier, BOOK IV. 


and of a number of other eminent chemical philoſophers, 
French and Engliſh, have, ſince, more fully explained the 
qualities of gas-oxygen. This gas exiſts in atmoſpheric air 
of ordinary and mediate purity, in the proportion of 27 or 
28 parts out of 100. It is that part in this compoſition, 
by means of which alone, it is fitted for the reſpiration of 
animals, and for contributing to the phænomenon of com- 
buſtion. It is obtained, not only from the atmoſphere, which 
is merely a grand reſervoir for receiving, preſerving, and 
again affording it; but from vegetables expoſed to the ſun's 
rays, from metallic oxyds, from water and all acid ſubſtan- 


ces by the action of light and calorie. Its preſence in too 


great a proportion, is unfavourable to the growth of vege- 
tables. It ſeems, on the contrary, to be required in a very 
large proportion, in order to promote the growth, and to 
nouriſh the vitality of animals; It is partly as a vehicle of 


Ster. III. 


oxygen liable to be detached out of it, and in patt by means 


of its other component principles, light and caloric, that it 
produces theſe effects. It is by the abſtraction of oxygen 
to be combined with the light and caloric preſented, that 
oxygen-gas is obtained from vegetables by the action of the 
rays of the ſun. 

But, CompusTioN is the grand phznomenon in which 
ixygen-gas is decompounded with effects the moſt conſpicu- 


6. 


Of Come 


ous and important. Until within theſe laſt twenty DO 


chemiſts ſuppoſed, with all the reſt of the world; that, in 
all combuſtion, the flame beheld, the heat felt, proceeded, not 
from the air of which the preſence was indiſpenſibly neceſ- 
fary to this phænomenon; but from the evolution of a prin- 
ciple which had been contained in the wood, the pit-coal, 
the peat- earth, or „ 
ü uſed 
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BOOK I. 
Ster. III. 


uſed is fuel. This principle, ſuppoſed. at one time to 


A burk unſeen in bodies ſuſceptible of n at another 


to diſplay itſelf under the forms of light and heat ; was the 


celebrated phlygifton of STAHL, to which a thouſand other 
myſterious properties were aſcribed. At laſt, about the 
year 1776, the celebrated M. Lavoisitr of Paris, who 


lately fell the victim of revolutionary cruelty, diſcovered ; 


that, inſtead of ſuffering, as was naturally to be expected if 
a part of its ſubſtance were actually conſumed in heat and 
flame,—any loſs of weight; the matter employed as fuel, 
actually gained additional weight by the combuſtion, The 


 calces or oxyds of metals were found to be more weighty 


than the metal ſubjected to-calcination. In every inſtance 
in which all the products of the combuſtion could be re- 
aſſembled, they were invariably found to exceed in weight, 
that body from which alone they had hitherto been ſup- 


poſed to proceed. A phienomenon ſo contradictory to the 
ideas hitherto entertained concerning the proceſs and the 


proper pabulum of combuſtion ; could not be accounted for, 
otherwiſe than, either by ſuppoſing that the fancied phlogi/- 
ton was a principle of poſitive levity z or by allowing that 
ſomething elſe than the apparent fuel, was the matter 


properly decompoſed by combuſtion.——The prefence of 


pure air was known to be neceſſary to make combuſtion 
take place. The quantity of pure oxygen-gas to be con- 
fumed in a particular experiment of combuſtion, was 
therefore aſcertained with attentive accuracy; as well as 
that of the combuſtible matter or fuel ſubjected to the 


combuſtion. The products of the combuſtion were after- 


wards weighed. The weight gained to the aſhes or new 
products of the combuſtible body, was found to be in all 
inſtances the ſame, or almoſt the ſame, with that loſt from 


0 ore. 


* 


83 
the air in which the proceſſes had been conducted. Could BOOK IV. 


Szcr. III. 


it be longer doubted, but a precipitation had taken place.. 


during the combuſtion, out of the air into the burnt body ? 
Of the ſolid body which had undergone the combuſtion, 
when all the products had becn carefully re-afſembled z it was 
found that there had been nothing loſt, which might have 
been regarded as equivalent to the light and heat evolved du- 
ring the proceſs. What then remained, but to conclude, 
that theſe alſo were produced not from that body, but from 
the air decompoſed to afford an augmentation of «ts 
weight ? An experiment of a contrary nature, fully con- 
firmed this ĩdea. Metallic calces, fince denominated oxyd-, 
were univerfally known to be reducible to a perfect metal- 
lic ſtate by the application of a red heat, that is, of light 
and heat together. By this reduction gas-oxygen was alſo 
known to be obtained. And it was now found by accu- 
rate experiment z that, by the reduction to the perfect me- 
tallic ſtate, the metallic calces loft a quantity of weight 
exactly equivalent to that of the cxygen-gas obtained du- 
ring the reduction. Without the application of a red 
heat, the calces were rarely reducible. Theſe experi- 


ments, and theſe reſults, appeared to prove inconteſtibly, 


that there was in every proceſs of combuſtion, a decompo- 
ſition effected, not fo properly of the combuſtible body, as 
of the air ſurrounding it : and that, of the air decompoſed, 
the oxygen, one principle, was precipitated into the burnt 
body ; while the light and caloric, its other principles, were 


evolved in the forms of heat and flame. It was already - 


known, that pure or vital air, alone, was ſuſceptible of 
contributing effectually to promote combuſtion z and it now 
appeared, that the moſt remarkable phænomena of com- 
buſtion, aroſe from the decompoſition of that pure air which 
was ſoon to be more accurately denominated oxygen-gas. 
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$4 Of Oxygen. - 

— np The chemical doctrine concerning combuſtion, is now 

— therefore wholly changed. Combuſtion, according to it, 
takes place whenever any ſubſtance ſuſceptible of combi- 
nation with oxygen, the baſe of oxygen-gas, is brought into 

5. contact with a quantity of this gas; while both the combuſtible 

explaiticom. boch and the gar, independently of the light and caloric exiſting 


| buſtionmoreiz combination in the gas, are penetrated and ſurcharged with 


hben has * ſuch an exceſs of free caloric, as may give to the caloric combined 
yet been in the gas-oxygen, a ſtrong diſpoſition to yield to the firſt attrac- 
fone. tions that offer to detach its oxygen, and to make it evolve itſelf 

alſo into a free ſtate. The preſence of free caloric in a large 


Proportion, or elſe of ſome third ſubſtance, having a powerful ten- 


dency to overcome the attractiont of light and caloric for oxygen ; 
is always neceſſary to aid the operation of the attractions between 
oxygen and the combuſtible body. It ſhould ſeem, that in order 
to produce that evolution of light, without which the blazing 
flame cannot appear ; there muſt be a ſeparation of light frem 
the ſurrounding free caloric, in addition to that which is afford- 
ed from the decompofution of the gas-oxygen. During the pro- 
- ceſs, the oxygen diſengaged from the gas, is precipitated 
into the burning body ; the light and caloric, with the ad- 
ditional quantity of light, here above mentioned, are evolv- 
ed in the form of flame or red heat. Where there is not a 
ſufficient evolution of light, only heat is perceived. Where, 
to aid the attraction between the oxygen and the combuſ- 
tible body, ſome third ſubſtance having ſtrong attractions for 
caloric, is preſented; the combuſtion may be, in ſome ſort, 
ſecret, almoſt without any evolution of caloric into a frec 
ſtate. 
The other combinations of oxygen with different natu- 
wi ws ee e LI ER in the farther progreſs of 

this work. 5 

SECTION 


r 


Hydrogen. 55 88 


SECTION FOURTH. 
HYDROGEN, 


Tir pure freſh water which was long accounted to — — 
moſt certainly, à fimple element in nature ; has been a 
length however diſcovered to be a compound ſubſtance ; erf _ 
one of the conſtituent principles of which, is a matteropzocen is 
which has, from this conſideration of its entering always d. 
neceſſarily into the compoſition of water, received the 
characteriſtic and analogical appellation of HrDROOEx. 

Another ſubſtance, well known to chemiſtry and to na- 

tural hiſtory; into the compoſition of which, this hydrogen 

always enters as a principal part; is inflammable gas, now 

rather denominated gas-hydrogen. 

Hydrogen itſelf, which enters always into theſe two no-1,, qualities 
table combinations, and into a multitude of others more in 2 _ 
complex than theſe; is not a ſubſtance perceptible to br 
powers of ſenſation, in its ſeparate ſtate, We know it 
only in its combinations. Its qualities are diſplayed in the 
changes it produces on the ſubſtances joined in compoſi- 
tion with it. Its exiſtence is not at all the leſs certain for 
its being in its ſeparate ſtate, impalpable, and inviſible ; or 
rather, as it ſhould ſeem, incapable of ſubſiſting in an ab. 
ſolutely ſeparate ſtate. We can purſue it, while it paſſes 
out of one combination into another. We cannot indeed 
arreſt it on its paſſage. But, we never fail to diſcover it, 
at leaſt if we uſe the proper chemical means, when it ſtarts 
up to our notice in a new compound. | 

WarTER, the moſt remarkable of all the compounds in f 3 __ 

which hydrogen makes any part, conſiſts of hydrogen and the moſt re- 
| > ; F 3 oxygen markable of 
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| Pound na- curious and ingenious, LAVOISIER, affiſted by De ia Flace, 


. 


86 Hydrogen. 


BOOK Iv. - oxigen for its two component principles. In this combi. 
_ nation, the experiments af LavoisigR, and of other che- 
its com- miſts, the diſciples of his ſyſtem, have aſcertained, that hy- 
PO drogen exiſts in the proportion of ,86 parts, —oxygen in 
the proportion of ,14 parts. The mutual chemical attrac- 

tions between its two principles, upon which the exiſtence 
of this compound depends; are not fo ſtrong, but that 
iron, carbon, and oils decompound water, by virtue of the 

ſtronger attraction which theſe matters have for hydrogen, 

than it has for oxygen. | 
4. Thoſe experiments by which the compound character 


0 


he com- of water was firſt diſcovered, were of a nature remarkably 


ture of wa- 


ter. another French chemiſt of great merit and celebrity; ob- 
ſerved, that, inflammable gas, burnt in cloſe veſſels, with 
the addition of a ſmall quantity of gas- oxygen z afforded 
by the proceſs, ſome drops of pure water ; a product which 
was not at all expected to refult from this combuſtion, 
AM. Monge, another chemiſt, made the ſame obſervation 
almoſt at the ſame time, but in a different part of France, 
and not in concert with LavossER and De fa Place, Theſe 
latter chemiſts repeated the experiment again and again; 
but ſtill the ſame product was obtained, It was then, that 
LavoislER ventured to queſtion the elementary ſimplicity of 
the character of water; and to ſuſpect it to be a compound 
of oxygen with a much larger proportion of another prin- 
ciple, which was to receive the name of hydrogen. Aided by 
NM. Meufnier, LavolsiꝝR ſoon tried new experiments, in or- 
der to aſcertain with more certainty, the truth of a new 
general fact of ſuch remarkable importance. In one caſe, 
uling a bell-glaſs, filled, for a certain length from its bot- 
tom, with mercury, and having above the mercury, a va- 
cant 


Hydrogen 
cant ſpace, cut of which the air was wholly excluded by Bc 


means of the mercury; he introduced into this — 


ſpace, a certain quantity of very pure diſtilled w2ter mixed 
with filings of iron. - The conſequence was, that the wa- 
ter was gradually decompoſed by means of the ſuperior 
force of the attractions between the oxygen of the water, 
and the iron. The iron in filings was gradually calcined 
or oxydated. A quantity of inflammmable gas was diſen- 
gaged. Not the whole quantity of the water employed in 
the experiment, was decompoſed ; but only ſuch a porti 
as appeared preciſely ſufficient to afford the inflammable 
gas, and the oxygen conſumed in the oxydation of the iron. 
— This experiment of the decompoſition of water ſcemed to 
afford the moſt ſatisfactory confirmation of the general 
truth, deduced from the contrary experiment, ip which it 
had been compoſed out of its two conſtituent principles. —. 
Another experiment afforded evidence equally convincing, 
of the ſame truth. A gun-barrel was placed in a furnace, 
and heated till it became red-hot. Water was then drop- 
ped through it. The conſequences were; the oxydation 
of ſome part of the iron of the gun-barrel with a ſuitable 
increaſe of its weight; and the production of a quantity 
of inflammable gas, which was received out of the gun- 
barrel into bell- glaſſes conveniently diſpoſed for this ule. — 
A multitude of other analogous experiments have afforded 
farther confirmation of the truth of the ſame general fact. 
Thoſe phænomena from which the votaries of the ancient 
chemical theory have endeavoured to draw contradictory 
inferences, ſeem to have ariſen from the inaccuracy with 
which, in the infancy of pneumatic chemiſtry, ** haye 
naturally made their W 
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BOOK IV. Warn, this grand compound of wa with oxye 


Sect. IV. 


| 8 
Phyfical 


properties 
of water, 


The waters of the ſea are im 


gen, may deſerve yet a more particular examination in re- 
gard to all its more eminent qualities, phyſical and chemi- 
cal. It is diffuſed over the terraqueous globe, in the ſea, 
in lakes, in rivers, in ſprings. By means of its fluidity, it 
tends continually into a ſtate in which all the parts of 
that particular quantity. of water which is ynder examina- 
tion, may remain in equipoiſe with reſpect to one another. 
Streams deduced from ſprings of water lying in lofty fitua- 
tions, will aſcend even up a declivity in their courſe, to any 


height that does not riſe above that of the ſource from 
which the ſtream takes its riſe. 


Water will aſcend from 
the depth of a well, to the height of two and thirty feet 
in any tube out of which the air has been entirely exhauf- 
ted: A fact which proves the weight of our atmoſphere 
to be every where equal to that of a column of water two 
and thirty feet in height. It ſcarcely ever preſents itſelf 
in nature, otherwiſe than impregnated with ſome or other 
of thoſe innumerable matters to which it acts as a ſolvent. 

ted with muriatic, mag- 
nefian, and other ſalts. Thoſe of ſprings are often im- 


pregnated with iron, and with ſulfuric, magneſian, or cal- 


careous ſalts. Rain-water and the water of ſtreams which 
have run far over a bed of clay or ſchiſtus, are uſually the 
pureſt. Waters which have not run for any conſiderable 
length of courſe, and which are impregnated with calcare- 


. ous falts, are found to be unfit for bringing pulſe and ſome 


other vegetables into that ſoftened ſtate, into which it is 
eaſily poſſible to bring them by boiling in water free from 
the mixture of thoſe ſalts. Boiling and diſtillation ſepa- 
rate the calcareous and other falts from water. Diſtilled 
water is pure; but being by the diſtillation deprived of the 

\ alr, 


Hydrogen. 


air, which is, in its ordinary ſtate, intermingled with it; be- BOOK TV, 


comes, in conſequence of this, infipid to the taſte, and un- 
wholeſome to the ſtomach. In conſequence of its fluidity 
and of the extreme ſubtilty of its- particles; water tends 
continually, even by its mechanical qualities, to inſinuate 
itſelf every where : and its force of aggregation being ex- 
tremely ſmall ; it mingles readily, even without chemical 
combination, with almoſt any other matter. It is known. 
not only in a ſtate of fluidity, but in a ſolid, and in an elaſe 
tic-fluid ſtate, In that teinperature of the ſurrounding at- 
moſphere in which the mercury ſtands at 320 of Fahren- 
heit's thermometer, water is ſeen to be congealed into ice. 
This converſion takes place, in the ſeaſon of winter, in all 
the temperate climates of the globe. - Towards the poles, 
water continues in ice throughout the year. Under the 
equator, ice is never produced naturally, Water ſtrongly 
impregnated with falts, as in the fea, requires a more in- 
tenſe cold to congeal it, than that of 32%. The waters of 
our fprings, and the waters running over a calcareous bed, 
are always of a warmer temperature, than that of the air 
and the common objects around them, in winter. A bot- 
tle of water, upon its converſion into ice, burſts the bottle, 
and appears to increaſe in bulk. The preſence of the ex- 
ternal air contributes to the ready formation of ice. When 
congelation is made to take place very ſlowly, the ice is 
formed in clearly diſcernible cryſtals. Ice thus formed, is 
*folid, elaſtic, and lighter than fluid water. Water con- 
led when it is in a ſtate of extreme diviſion, affords ice 
in that ſtate of cryſtallization which is exemplified in ſnow, 
hoar-froſt, &c. Congelation ſeems to take place in conſe- 
quence of the abſtraction of caloric from the body: but, 
fvaporation on the converſion of water into an elaſtic fluid, 
| ſeems 
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90 Hydrogen. 


BOOK NV. ſeems to be produced on the other hand by the increaſe of 
SscT. IV. N l f 
Yn the quantity of caloric in a given quantity of water, Fogs, 
clouds, miſts, dews, rains, even hail and ſnow, are all pro- 
duced in conſequence of the convertibility of water into 
vapour. Water is converted into vapour by the preſence 
of a quantity of free caloric, ſuch as may raiſe the mercu- 
ry in Fahrenheit's thermometer to 212% This vapour is 
remarkably claſtic, and under compreſſion, is capable of 
producing terrible exploſions, and of exerting a wonderful 
force, as is well exemplified in the ſteam- engine. | 

6. As to the other chemical properties of water ; it is cu- 
— rious and intereſting to inveſtigate what preciſe changes 
congelation take place in the caſes of congelation and evaporation. 
3 Nothing can be more probable than that water, when c- 
GFALED, loſes a quantity not only of caloric which was d;Fuſed 
through it, without combination, but of caloric that had been ac- 
tually combined with it, and is now detached into combination 
with the gazeous ſubſlances in the atmoſphere, and with other 
matters heving fironger attractiont for caloric than water has. 
Again, when water is evaporated, it ſhould ſeem that a new 
quantity of caleric is not merely mechanically mixed with the ga- 
zen ſubſtances thus produced, but is attrafted into actual com- 
brnation with it, Vapour is lighter than common atmoſ- 
pheric air ; becauſe the proportion of caloric contained in 
it, is probably greater than that contained in the gaſes 
which are intermingled in the air of the atmoſphere. 
But, as the atmoſphere is a vaſt reſeryoir of elaſtic fluids, 
and of almoſt all matters ſuſceptible of ſublimation ;z the 
. vapours ſuſpended in it, come often into contact with 
other matters, of which the chemical attractions have 
power to detach more or leſs of that combined caloric to 

which alone the vaporous ſtate is owing. Hence all thoſe 
forms 


Hydrogen, 


farms in which the moiſture of the atmoſphere is known BOOK TV. 
to deſcend upon the earth, from that dew of which the en 
fall is not perceived, till it actually gliſtens upon the plants, 


to the ſnows, and the hails which deſcend from the air in 
a ſolid form. | 

Such then is WATER in its phyſical qualities. And ſuch 
is the moſt material information which chemiſtry furniſhes 
concerning that combination of hydrogen with oxygen and 
with caloric, by which it is formed ; concerning that loſs 
of the caloric combined in it, in conſequence of which it is 
concreted into ſnow and ice; concerning that exceſſive ad- 
dition of caloric, which expands it into vapour. 


Few bodies in nature are more beneficial to mankind , 7. 
than water. It is the moſt ſalutary of beverages. It ſerves uſes of was 
by its mechanical qualities, as a ſolvent for innumerable ſo-—- 


lid ſubſtances. It affords an excellent medium for the ap- 
plication of heat to ſolid articles of food, for the purpoſe of 
ſoftening their parts, of ſublimating what is volatile in them, 
and of diflolving that which admits only of ſolution in 
the heated water. All diſtillations, with many other che- 
mical procefles, are effected by means of it. Converted 
into ſteam, it affords the greateſt power that we can pro- 
cure, for the moving of pumps, mills, and other engines 
which require a vaſt artificial force. Applied alſo in its 
natural fluid ſtate, to the wheels of mills in a proper maſs, 
and with a proper deſcent, it is capable of moving a vaſt 
weight, and a very complex arrangement of machinery. 


Such is its denſity, that a cubic foot of water weighs 1600 


ounces avoirdupois : and in conſequence of this circum- 
ance, it affords a very convenient meaſure, by reference 
to which, we can eſtimate the ſpecific gravities of all other 
bodies. Its terms of freezing and of ebullition, afford the 

| | moſt 
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BOOK IV. 
Sxor. I 


8. 
Of GAs-Rr- 
PROGEN., 


Hydrogen. 


moſt remarkable points in the thermometer. The pyrome- 
j ter of Lavois1sR and De la Place indicates the degrees of 
heat by a reference to the capacity of water tor contain» 
ing this ſubſtance. 

Inflammable gas is another important compound, into 
which hydrogen enters, as a principal element. In this gas, 
the hydrogen is combined, not, as in water, with oxygen, 
but with light and caloric. This compound is abundant in na- 
ture. Arifing continually from the decompoſition of water, 
whenever this laſt compound is deprived of its oxygen—yet 
no body preſented that may have a ſtronger attraction than 
caloric and light for the hydrogen; inflammable or HrpRo- 
GENOUS Gas is often diffuſed in large quantities, over marſh- 
es and lakes of ſtagnant water. In particular ſtates of the at- 
moſphere, its light and caloric, being in it in a very large 
proportion, are diſengaged ; and ſudden blazes of flame, are 


conſequently exhibited. So great is the proportion of light 
and caloric, which exiſts in gas-hydrogen, in combination 
with the hydrogen ; that a cubic foot of this gas weighs not 
more than 61 grains. Gas- hydrogen uſually carries with 


it, in a ſtate of either ſuſpenſion or ſolution, a proportion 


far from inconſiderable, of the {ſubſtance with which the 
hydrogen was laſt combined. Sometimes it is mixed with 
gas- azote, with carbonic-acid-gas, or with vital air. In 
other inſtances we find it holding in ſolution, water, car- 
bon, ſulphur, phoſphorus, arſenic, oils, alcohol, æther, and 
other ſubſtances of a ſimilar character. This circumſtance 
in its nature, is what gives riſe to the diverſity of the ſpe- 
cies of hydrogen, and procures to it that variety of names 
under which it is known.” Another quality in the charac- 
ter of this gas, which it derives from its poſſeſſing caloric 
in ſo large a proportion, is, that, all compound matters con- 


taining 


Hydrogen. 


taining it; ſuch as oil, greaſe, timber, pit-coal, bitumen, BOOK TV. 
zther, &c. ; yield much heat during their combuſtion. , — 


When burnt with the due proportion of oxygen, ſuch bo- 
dies afford always water in juſt proportion to the quantity 
of the hydrogen contained in them, reſpectively. It has 
been, with great plauſibility, conjectured: that detonations 
in the air, or claps of thunder, are nothing elſe but acts of 
the combuſtion of gas-hydrogen with gas- oxygen; both 
theſe gaſes being diffuſed in very great abundance in the 
upper regions of the atmoſphere: and that the rain which 
falls ſo copiouſly at the times when theſe combuſtions take 


place, is produced by the union of hydrogen from the one 


gas, with oxygen from the other. All animal or vegetable 
ſubſtances — except charcoal ; which are ſuſceptible of com- 
buſtion, in the open air; will afford gas- hydrogen, if heat- 
ed in cloſe veſſels. The pureſt of all inflammable air, is 
that which is evolved from acids in which certain metallic 
ſubſtances are diſſolved. In a ſtate of high purity, this gas 


is ten times as light as common air. Nay it has even been 


obtained in a ſtate, in which its levity was ſeventeen times 
that of atmoſpheric air. The well known air-balloon is 
formed by filling any hollow globe, with a covering ſuffi- 
ciently cloſe and light, with a quantity of gas- hydrogen. 
The common proceſs for obtaining inflammable air for the 
uſes of chemiſtry ; is, by the diſſolution of filings or thav- 
ings of iron, in diluted ſulphuric acid. 

AMMONIAC, or the volatile alkali, another compound in- 
to which hydrogen enters, will come to be conſidered more 
properly under the article of azote, and in its order with 
the other alkalis. | 
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ELEMENTS or CHEMISTRY, 


BOOK FIFTH. 


or SIMPLE SUBSTANCES WHICH ARE SUSCEPTIBLE OF BEING 


CHARACTERIZED AS ACIDIFIABLE BASES. 
CO ——— — 
SECTION FIRST. 


OF AZOTE, NITROGEN, OR ALKALIGEN : AND OF ITS COM- 
POUNDS WITH SIMPLE SUBSTANCES ALREADY BESCRIB= 


filled with animal excrements, old mortar, and the remains 


of vegetables; almoſt all places containing animal matters Whenee a- 
in a ſtate of putrefaction; cheſnuts particularly as a fruit zi, 


all extracts capable of fermentation : Aﬀord a ſubſtance, in 
ſix- ſided priſmatic cryſtals, terminating in dihedral pyramids, 
or cut at the ends with a flope, and often channelled from 
one end to the other; which is known by the name of u- 
TRE Or SALTPETRE ; and is ſuſceptible of farther decompo- 
fition by art, This ſubſtance is alſo ſometimes to be found 
in beds of chalk. From chalk of Roche-guyon in France, 
the late Duke de la Rochefoucault obtained ſuch nitre, in 
the proportion of an ounce out of the pound. 
| This 


(rooes frequently trodden by cattle, and impregnated BOOK v. 
with their excrements z the walls of old houſes z dry ditches Sxcr. I. 
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96 Of Azote, Nitrogen, or Alkaligeti. 


2 "i This ſubſtance, ſubjected to certain chemical proceſſes, i: 
A dccompoſed into two different bodies. Of theſe, the one 
2 is a white, yellow, or red liquid, known by the name of 
DecomP®* either nitric or nitrois acid. Renewed decompoſition ex- 
fording it. erciſed upon this liquid, reſolves it into two parts, oxygen 
and a new and pecnliar fubſtance, which has acquired the 
name of azoTE, nitrogen, or alkaligen. 
This ſubſtance, obtained from thoſe materials, and by 
15 2 4 a theſe ſucoeſfive decompoſitions, is a ſimple, elementary one. 
a ſimple In an inſulated and peculiar ſtate, it is not diſtinctly per- 
fudſtavce. ceptible to the human ſenſes, however aided by inſtruments, 
We know it, only in its combinations. But, the reality of 
its exiſtence is unqueſtionable; ſince we can mark its paſ- 
ſage out of one combination into another; ſince we know 
the laws of chemical attraction to which it is ſubject; ſince 
we difcetn the preciſe character of thoſe fimple ſabſtances 
with which it is combinable, and can diſtinguiſh the nature 
of the new compound which the combination produces. 
PrIESTLEY, Cavendiſh, LavoisrEx are the chemical philoſo- 
phers to whoſe reſearches we owe the diſcovery of the ex- 
iſtence of this fubſtance of azote. PrresTLEY's diſcoveries 
fuggeſted to Lavorsitk a theory, which the experiments 
of Cavendiſb finally illuſtrated and confirmed. 
* One of the moſt remarkable combinations into which 


le combi” this ſubſtance is known to enter, is, that which takes place 


nation with 


caloricin between it and light and heat or caloric. The compound 
neter. thus produced, is named Gas AzoTE, which has been alſo 
called phlogiſlicated air, or atmoſpheric mephitis. Of this com- 
pound, there exiſts always in the atmoſphere, a proportion 
equal to no leſs than 72 parts out of 100. It may be ob- 
tained out of any atmoſpheric air, by any proceſs adapted to 
effect the abſorption of the gas-oxygen and the carbonic-acid- 

gas 


Of Azete, Nitrogen, or Alkaligen. 


gar which are united with it in that mixture. It may be BOOK . 
obtained from any fibrous or muſcular animal ſubſtance, 


taken in a freſh ſtate, and ſubjected to the application of 
nitric acid. It is this gas-azote which fills the air-bladder 
of the carp z as has been diſcovered by Dx PrIzsTLEY and 
M. de FOURCROY ; and may be at any time aſcertained anew, 
by burſting that air-bladder under an inverted glaſs filled 
with water. Gas-azote is lighter than atmoſpheric air; in- 
ſtantly extinguiſhes burning tapers ; acts with great energy 
and rapidity in deſtroying the life of animals which are im- 
merſed in it. Mixed with gas-oxygen in the proportion of 
73 to 27, it will afford a factitious atmoſpheric air. Mixed 
with gas-oxygen in the proportion of 3 parts to 7; and 
then expoſed to the action of the electric ſpark ; it ſuffers 
a condenſation, in conſequence of which nitric acid is pro- 
duced from the gas-azote and the gas-oxygen. From all 


animal matters ſubjected to the action of fire, or to putre- 


faction, there is obtained a large proportion of gas-azote—. 
by the evolution, no doubt, of the azote into combination 
with caloric which the atmoſphere is ever ready to furniſh. 
In thoſe ſtates of the atmoſphere, in which the proportion 
of free caloric diffuſed through it, is uncommonly ſmall ; 
putrefaCtion, and by conſequence the evolution of gas-azote 
from the putrefying matters, is known to be particularly 
flow. Gas-azete is diſtinguiſhable from carbonic-acid-gas, 
as being much lighter than this gas; and as not being fit- 
ted, like it, to redden tincture of turnſole or precipitate 
lime-water. 

Still more remarkable are thoſe compounds which are 


produced by the combination of azote with oxygen as well — 


as with caloric and ligbt. Ni rxous Gas is an elaſtic fluid 
compounded of azote and oxygen in combination with cake 
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Of Anale, Nitrogen, or Alkaligen. 


BOOK V. ric. Its exiſtence appears to have been partially and im- 


Stor. I. 


perfectly known to the celebrated Dr Stephen Hale. It was 
ully and accurately aſcertained to exiſt as a peculiar gazeous 
ſubſtance, by Dr PrIESTLEY. It is obtained from nitric acid, 
by the action of metals, oils, mucilages, alcohol, and other 
gombuſtible ſubſtances. It extinguiſhes lights; deſtroys 
animal life; is incapable of alteration by the preſence of 
pure water, It admits of many varieties in the proportions 
of the component principles. It contains oxygen in a lar- 
ger proportion than that in which this ſubſtance exiſts in 
common atmoſpheric air. It is not heavier than common 
atmoſpheric air. Retaining ſtill a ſtrong attraction or ap- 
petency for oxygen; it enters eagerly into combination with 
additional quantities of this ſubſtance, and by the combina- 
tion, forms nitrous or nitric acid. The formation of nitric a- 
cid by nitrous gas attracting oxygen from atmoſpheric air, has 

been aſſumed by Dr PxIxEs LEV, to afford a teſt of the parti- 
cular degree of the vital purity of any quantity of air from 
the atmoſphere. Take a ſmall portion of the atmoſpheric 
air, of which you deſire to bring the purity to the teſt. 


| Confine it in a phial above water or mercury. Into this por- 
tion of air thus confined, then introduce a portion of nit- 


N1TROUS 
ACID, 


rous gas. If the atmoſpheric air under trial, be very pure, 
and contain much oxygen; a proportionately large quanti- 
ty of nitric acid will-be formed. If, on the other hand, 
there be little oxygen in the atmoſpheric air, and it be 
conſiderably impure ; but little nitric acid will be produ- 
ced, or perhaps the new N80 will not have the full 
ſtrength of nitric acid. 
A third compound of arote is, NITROUS ACID. | 
Thoſe ſubſtances which chemiſts diſtinguiſh by the ge- 
neral name of ACIDS, have, i in common, the — of—3 
pour 


Of Azote, Nitrogen, or Alkaligen. 
four or fouri/h taſte,—a tendency to communicate 2 red c 


I. 
hur to vegetable ſubſtances ſubjected to their N 


difpofetion to combine with earths, alkalis, and metallic 
oxyds,—a compound formation into which oxygen always 
enters for one principle. The n1iTRoUs ac1D differs from 
nitrous gas, chiefly in containing in its compoſition, a larger 
proportion of oxygen than exiſts in the gar. This acid is 
xdlow or red in its colour; and appears to emit dark red 
fumes, in greater or leſs abundance, according to the tem- 
perature to which it is exp. If diſtilled in a retort of 
glaſs; the red part goes off in vapours ; and what remains, 
is white colourleſs nitric acid. In its other properties, it 
differs not materially, otherwiſe than in being weaker, from 
the nitric acid. The red vapours take properly the appel- 
lation of nitrous-acid-gas 


6. 
The NITRIC ACID is whiee, liquid, not volatile; poſſeſſes Nrraic 
ſuch ſtrong cauſticity, as inſtantaneouſly to burn and de- 


troy the organization of the animal muſcle ; reddens ſyrup 
of violets, with the entire deſtruction of its primary colour. 
The action of the rays of the ſun, gives it a higher colour 
and greater volatility, Caloric otherwiſe applied, volatilizes 
it, and ſeparates the colouring matter in the form of red 
vapours.— The red and nitrous acid unites eagerly with wa- 
ter : The compound takes a green or blue colour : It ap- 


pears to have acquired new heat, while this combination 


took place ; With a large quantity of water, the acid forms 
what is called aquafortis. This aquafortis is the form in 
which the acid of nitre is moſt commonly applied to the 
uſes of the arts. In this form, it is uſed to diſſolve mercu- 
ry, copper, filver for hatters, engravers, and gilders, in af- 
ſaying and working metals, &c. It is uſed alſo in ſurgery, 
to deſtroy warts, and other indolent, uninflamed tumors, 
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Of Azote, Nitrogen, or Alkaligen. 


| BOOK v. It is uſed, too, in many pharmaceutical preparations. The 


Ster. I. 


nitric acid was by the experiments of Cavendiſb, aſcertained 


to be a compound of fever parts of gas-onygen with three 


parts of gas-azote, and with a certain proportion of light 
and caloric, | 


AMMONIAC. Another of the exe gn a azote, is, ANMMONIAC 


or volatile alkali, which has been recently diſcovered 
to be a compound of hydrogen and azote, but was long 
ſuppoſed a ſimple ſubſtance. But, deviating from. that 


order which rigorous analogy ſeems to require; that we 


may not too widely depart from eſtabliſhed cuſtom; we 
ſhall rather defer the explanation of the nature of Au- 
MONIAC, till we come to conſider alſo thoſe other ſubſtanceyg 


which poſſeſs with it, the common name of alkalis, 


Ser. 


— 22 hd A as — tht. 3 1 


Carbon, and its Compounds. xor 
SECTION SECOND. 


br CARBON, AND ITS COMPOUNDS BY UNION WITH THE SIM» 
PLE SUBSTANCES PREVIOUSLY DESCRIBED. | 


Wee and all other vegetable metals, if expoſed to a BOOK V. 
ſtrong heat in veſſels which are partly cloſe; ſuffer a partial en 
combuſtion; by which their volatile parts are driven off, and . 
any lighter combuſtible matters belonging to them, are ac- —— 4 
tually decompoſed; but by which very little of their princi- taiucd- 

pal combuſtible component part is conſumed. This com- 5 
buſtible component part is known in modern chemiſtry by | 
the name of carBon. That matter which is, in the arts, 

and in common life, familiarly known by the appellation of 
CHARCOAL 3 is not abſolutely pure carbon; but carbon con- 
taminated and mixed with various other vegetable and em- 
pyreumatic products. 

This CarBon; the principal pure reſidue of wood, of PL, OP 
which the organic contexture has been deſtroyed, and the properties. 
more volatile parts diſpelled by fire; is a ſimple and hither- 
to undecompounded ſubſtance. Even in charcoal, it ap- 
pears to exiſt in combination with a ſmall portion of earth, 
ſome parts of ſoda or potaſh, and occaſionally with various 
other ſalts. It preſents itſelf to our ſenſes, as a black, fri- 
able, almoſt gliſtering ſubſtance. It is very extenſively 
diffuſed throughout nature. In all vegetables it forms a 
principal part. In foſſils originating from the decay of ve- 
getables, it is found alſo to exiſt. Nor are animal matters 
free from it. It enters likewiſe into minerals. The putrefac- 
tion of animal and vegetable ſubſtances, is always found to 
afford carbon. As it forms a principal reſiduum of vege- 
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ras Carbon, and its Compounds. 

. — tables; ſo is it alſo one of thoſe ſimple ſubſtances by the ab- 
ſorptionef which, inone form or another, their growth ischief- 
ly promoted, and their vegetation maintained. In the pureſt 
ſtate in which we can uſually obtain it; carbon is believed to 
be always mixed with ſome ſmall portion of oxygen,—to the 
preſence of which Dr Bancroft has been induced to aſcribe 
its black colour; and with a very ſcanty proportion of wa- 
ter,—which, when the carbon is expoſed in cloſe veſſels to 
an intenſe heat, will often be found to yield ſome. ſmall 
portion of gas- hydrogen. Expoſed to the action of caloric, 
without the preſence of air or any other ſubſtance, pure 
carbon is not liable to ſuffer any change. In its various 
combinations, it acts a diſtinguiſhed and very important 
„ its principal combination, it forms that acid which is 
The cax- known by the name of Carbonic-acid-gas or ſimply caxBonic 
AciD. Expoſe pure carbon to the action of caloric, in an 
atmoſphere of gas-oxygen, or of atmoſpheric air of ordi- 
nary purity, a combuſtion will enſue at the proper tem- 
perature; while the caloric and light eſcape, for the-moſt 
part, out of their combination with the oxygen, into a free 
uncombined ſtate : The oxygen precipitated out of the de- 
compoſing gas-oxygen, will unite with the carbon: And, 
the product of this union, will be carbonic acid. In the at- 
moſphere in its ordinary ſtate, this gazeous acid exiſts, ac- 
cording to the experiments and inductions of Lavoisrs, in 
the proportion of 1 part out of 100. It is evolved from 
animal and vegetable matters. by many natural proceſſes. 
It is formed alſo in caves and pits. It is a product of ſpi- 
rituous fermentation. It is a product of reſpiration. It is 
found in many minerals. It is conſtantly exhaled from the 

leaves and other parts of plants, in the ſhade. | 


Whether 


Carbon, and its Compounds. 


roz 


Whether collected from nature, already formed, or BOOK v. 


produced by the artificial combination of oxygen with car- 
bon z it ſtill ſhews itſelf in a gazeous form, and exerts all 
the energies of an acid. It is, like air, inviſible and elaſtic. 
Its ſpecific gravity is twice that of common air. It may be 
poured out of ane veſſel into another: it flows from the 
cock of a wine«caſk, after the wine is drawn off. Its taſte 
is pungent and ſubacid. It is noxious to animals; and 
therefore cannot ſerve for the purpoſes of teſpiration, It 
extinguiſhes lights, and ſuffocates all combuſtion. Its energy 
as an acid, being but feeble, although diſtinct and certain ; 
it is unable to effect any deciſive alteration on the colour of 
ſyrup of violets, Neither light nor caloric ſeems to operate 
any diſtinct effect upon it; farther than that, by the action of 
the latter, it is ſubject to be dilated. It mixes, without 
combining, with gas-oxygen. 


With water, carbonic acid unites but flowly. Te & 


Str. II. 


two fluids, after conſiderable agitation together, at laſt en or mi- 


ture of the 


combine to form an acidulous liquor. The colder water is; rene acid 
ſo much the more of carbonic acid, will it diſſolve and ab- with water. 


ſorb. But, there is a point of, ſaturation, beyond which 


this combination cannot be urged. Even the coldeſt wa- 


ter will not diflolve more than a quantity equal to itſelf in 
bulk. Water faturated with carbonic acid, is ſomewhat 
heavier than pure diſtilled water. It ſparkles upon agita- 
tion; has a pungent, acidulous taſte z reddens the tincture 
of turnſole ; is decompoſable by heat which quickly brings 
it to ebullition, and diſengages the elaſtic fluid; a diſen- 
gagement which is ſtill more rapidly effected by the free 
contact of air. Nature preſents it in the acidulous, miner- 
al waters of Pyrmont, Seltzer, &c. The great Lavoisiter 
firſt diſcovered carbonic-acid-gas to be a compound of oxy- 
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104 Carbon, and its Compounds. 

BOOK v. gen with carbon, — by ſome experiments in which combuſtion 

e formed this gas by combining its two principles, —and by 
others which tended fully to aſcertain the accuracy of thoſe 
laſt. The reſults of his experiments repreſented this acid- 
gas, as conſiſting of 26 parts of carbon in union with 72 
parts of oxygen. Others have alledged this compoſition 
to be in the proportion of 12,0288 parts of carbon to 
56,687 of oxygen. The proportion of the ſpecific weight 
of carbonic acid to that of common air, is according to 
Kirwan, as 68,74 to 45, 69: LavoisiEr makes it 69,50 to 
43,81. This acid is in various caſes, like other acids, de- 
compoſed and reſolved into its principles. Water faturat- 
ed with it, is much fitter than diſtilled or common water, 
for the production of vital air, on the leaves of vegetables 
expoſed to the ſun's rays. * 

Some ingenious experiments have ſeemed to indicate, 

Decompoſi. that carbon was a compound conſiſting of hydrogen in union 

tion of car- with azote, But, this reſult has not been, as yet, confirm- 
ed by ſuch a train of agreeing experiments, as might juſtify 
us in adopting it for a chemical truth. 
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SECT, 


Sulphur, and its Compounds. 
SECTION THIRD. 


or SULPHUR, AND THE SIMPLEST OF ITS COMPOUNDS: 


105 


Tus; mineral kingdom of nature furniſhes in great abun- BOOK V ws. 


dance, a try combuſtible ſubſtance known by the name of 


SULPHUR. It is of an opake, citron- yellow colour; with- 


faint taſte ; ſubject to become electric upon being rubbed z 
when expoſed to a moderate but ſudden heat, liable to 
crackle and break into pieces. It is found in nature, ſome- 
times perfectly pure, but oftener in combination with vari- 
ous other ſubſtances. Fouxcxox has enumerated ſeven dif- 
ferent varieties of form in which pure ſulphur is found in 
nature. It is uſually either in tranſparent octohædral 
cryſtals, in irregular fragments alſo tranſparent, in a pul- 
verulent, or in a ſtalactitical form. It is obtained alſo from 
animal matters, both in a cryſtalline and in a pulverulent 
ſtate. It is furniſhed, in the greateſt abundance, by thoſe 
compound ſtony bodies, which are well known in the mi- 
neral kingdom, by the name of Pyrites. 
From pyrites, SULPHUR is extracted by the following pro- 


ceſs. Broken into ſmall pieces, and put into earthen bobs —— 


the pyrites are thus expoſed to the heat of a furnace. HO 


ſquare veſſel of caſt-iron, and containing water; is connec- 
ted, as a receiver, with the tube in tho furnace. The ac- 
tion of the fire, proceeds; and the ſulphur being thus melt- 
ed, is gradually accumulated, on the water in the receiver. 
Removed from this receiver ; it is then melted in an iron 
ladle; in conſequence of which, the earthy and metallic 


— with which it was contaminated; are precipitated, or 
ſubſide 
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BOOK V. ſubſide to the bottom of the ladle; leaving the purified ful | 


SxcT, III 


1 


phur above. Being next poured into a copper- boiler; it is 
here purified by farther fuſion ; and depoſites other extra- 
neous matters. 7 ———— forar 


time; it is then at laſt poured into cylindrical wooden 


moulds ; and in theſe takes the form in which we uſually 
ſee it in commerce. At Rammelſberg, the ſulphur of 
maſſes of pyrites, roaſted in the open air, is taken off in 
ladles; and is purified by a ſubſequent fuſion. 


ns. 


The sol nun, thus preſented pure by nature, or obtain- 


3. 
Sulphur is ed by the decompoſition of mixed natural bodies; is, for as 


a ſimple 
Fubſtance. 


4. 
Action of 


light and 


much as chemical philoſophy has hitherto been able to diſ- 
cover, a perfectly ſimple and elementary ſubſtance. Ite 
qualities in this character, are to be particularly examined. 
From the action of ig hi, it appears to ſuffer no alteration 
whatever, When it is, in cloſe veſſels, ſubjected to the reac- 


caloric on tion of free heat or caloric; it becomes ſoft, and melts. 


fulphur. 


When afterwards cooled, it generally aſſumes a needled 
form, and a red, brown, or greeniſh colour. Rouelle, in 
order to cryſtallize it by this proceſs; ſuffered the ſurface of 
the melted fulphur to congeal; and then poured off the fluid 
beneath. The under ſurface of the cruſt, now exhibited 
itſelf in needles croſſing one another in various directions. 
PR en laſt proceſs with heat, which art employs 


to give to ſulphur that perfect purity, in which it may be 


5. 
A tion of 
water on 
ſulphur. 


adminiſtered in medicine, wo 7 
Water has no immediate action on ſulphur, Let, by 

long contact, water at length ſoftens the outſide of a maſs of 

ſulphur Sulphur; heated, nearly till it be about to kindle 

into flame; then poured into water; becomes ſoft and 

tranſparent. 

\ > | Ft 


Sulphur, and its Compounds. 10 
It is when expoſed, at a proper temperature, — 


tion of gar agen, that ſulphur exhibits ſome of its moſt —_ — 


markable appearances, and enters into the moſt conſider- 

able of all its combinations. Dr PxixsrIx obſerved, thar don of 
the ſteam of water, paſſed over ſulphur, in a heated earthenſulpbur. 
tube, afforded an evolution of gas-hydrogen. The new 
illumination of pneumatic chemiſtry, explains to us; that 

this phænomenon was occaſioned - by the attractions between 

the oxygen and the ſulphur, accompliſhing a new combina- 

tion, which left the hydrogen of the water at liberty to en- 

ter into union with its proper proportion of light and ca- 

loric. It had been before obſerved by Hale; that ſulphur Productiou 


of sulruvs- 


was wont to abſorb, while burning, a very large proportion e in. 

of air, LayoistsR, making ſulphur a particular ſubject of 

his grand and ſyſtematic chemical inveſtigations z aſcertain» 

ed ; that, it burns not, without the preſence of gas- oxygen z 

that, during its combuſtion, it abſorbs the pureſt part of the 

air ſurrounding it; that, the reſidue of atmoſpheric air in 

Which ſulphur has been burnt, is no longer fit to maintain 
combuſtion ; that, of conſequence, ſulphur, during its com- 
buſtion, abſorbs the oxygen out of the air, whether atmoſ- 
pheric or purely vital, in which it burns. All the experi- 
ments of other chemiſts, whether made with a view to re- 
fute or to confirm Lavolstxx's theory, have agreed in ex- 
hibiting clearly theſe ſame reſults, n, 
tion of ſulphur. 
The new compound formed by this union of ſulphur of 
with oxygen, is the SULPHURIC ACID. But, of this acid Racer be 
there are two varieties, of which one only is properly i 
nominated the Sulphuric Acid ; while the other is named 

the SULPHUREOUS ACID. A rapid combuſtion of ſulphur, with 
the preſence of gas- oxygen, produces the ſulphuric acid, 
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Sulphur, and its a 


BOOK V. containing a large propertion of oxygen : A flow and diff 
i cult combuition, attracting but a ſmaller proportion of oxy- 


gen into combination with the ſulphur, produces only the 
ſulphureous acid. Theſe acids are ſuſceptible of being re- 
duced by an intenſe heat into a gazeous form, in which 
they compoſe ſulphureous-acid-gas ; which is liable to be a- 
gain condenſed into liquidity, by the proper application of 


cold. Beſide being thus produced by the direct combuſ- 


tion of ſulphur; the ſulphuric acid and its weaker varieties, 
have been alſo obtained by the combuſtion of the natural 
compound known by the name of Martial Vitrel. This 
acid has been alſo found, in a diſengaged natural ſtate, in 
ſome parts of Italy. Baldaſſari obſerved it in this ſtate, in a 
grotto in Tuſcany, at St Albino, and at the lakes of Tra- 
vale. Vandelli relates, that ſulphuric acid is ſometimes 


found diſſolved in water, in the environs of Sienna and Vi- 


terbo. NM. Dolomieu is faid to have found it in pure eryſ- 
tals, in a grotto on Mount Etna, 


The ſtrong ſulphuric acid appears, when pure, under the 


Its Rok and form of a very tranſparent oleaginous fluid; is twice the 
combina- ſpecific weight of diſtilled water; and is always in union 
| with water, from which art knows not yet, how to ſeparate 


it, entirely. Concentrated, it burns and cauterizes the 
{ſkin ; and reddens ſyrup of violets, without deftroying its 
colour. If diluted in a large proportion of water, it has a 
ſour, ſtiptic taſte. Highly concentrated, it forms what has 
been inaccurately termed Oil of Vitriol. It may be made to 
aſſume a concrete form, either by expoſing it to cold, or by 
combining it with various elaſtic fluids. It has been indeed 
affirmed, but not with ſatisfactory proofs, that ſulphuric 
acid long expoſed, in cloſe veſſels, to the rays of the ſur, 
gradually aſſumes a colour, and even affords ſulphur. Pro- 

babilities 


Sulphur, and its Compounds. 


action of fire or caloric, it loſes part of its water, and its 
yellow. colour. The procefs by which this is effected, is 
called Concentration and Rectiſication of the acid. It is dur- 
ing this proceſs, that the vapours named ſulphureous-acid-gas, 
are diſengaged. By carrying this proceſs farther, we diſ- 
cover, that the ſulphuric acid is ſuſceptible of ſtill higher 
purity, The acid diſtilled to dryneſs, leaves in the receiv- 
er a white reſidue, which is found to conſiſt of ſome ſalts 
which were in ſolution in the acid. This pure con- 


centrated - ſulphuric acid attracts moiſture, and loſes ſome 


part of its cauſticity, when it is expoſed to the open air; 
becomes coloured by the contamination of combuſtible 
matters from the atmoſphere z and is found upon particu- 
lar examination to abſorb from the atmoſphere alſo twice 
its own weight of water, By a ſeries of curious experi- 
ments performed during the violent cold in the month of 
January 1776; the Duke D'Ayen reduced the concentrated 
ſulphuric acid into a ſtate of congelation, at the cold tem- 
perature of from 61* 15' to 655 45%, Uniting with water, 
the ſulphuric acid diſplays all the phænomena of a ſudden 
penetration and an intimate combination, A hiſſing noiſe, 
the effect of the extruſion of air from the water; and a 
peculiar fœtid odour ; attend this union. Sulphuric acid 
abſorbs large quantities of carbonic- acid. gan. Nitric acid 
poured upon ſulphuric-acid which is coloured by the pre- 
ſence of ſome combuſtible body, deſtroys the colour, and 
reſtores the tranſparency of the whole mixture. 'The mix- 


ture, if afterwards heated, affords an exhalation of nitrous _ 


gas. It is eaſy to ſee that this phznomenon takes place, 
becauſe a portion of the nitric acid is partially decompoſed z 
jo afford oxygen to ſaturate the impure ſulphuric acid, and, 


109 


þabilities are againſt this. Expoſed in a retort to the firong BOOK Y. | 
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BOOT. V. as it were, to burn the combuſtible matters contaminating 


Sxcr. III. 
Et 
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SULPUURE- 
- OUS AC1D : 


SpreuURE- 
OUS ACID 
GAS, 


it. rad NS pt era 


fume a concrete form. 
——— äà——— ithocaruadibia- 


tion of the combination of ſulphur with oxygen. The neu- 


tral falts,—or falts formed by the combination of an acid with an 
zarth or allali. - hich it affords; are all, in their nature and 
configuration, different from thoſe which the fulphuric acid 
forms with the ſame ſubſtances. It may be confidered as 
a ſort of intermediate body between fulphur and ſulphuric 
acid. SULPHUREOUS-ACID-GAs is tobe regarded meretyas ſul- 
phureons acid in a gazeous ſtate. It is{omewhat moreponder- 
ous than common air. It extinguiſhes lights, kills animals, 
reddens and diſcolours ſyrup of violets. Charcoal, and all 
bedies which are conſiderably porous, will abſorb this gas. 
M. Monge, by the application of an intenſe heat, ſacceed- 
ed fo far as to condenſe this gas, although formerly thought 
to be permanently gazeous. This acid gas is procured from 
fulphuric acid, by heating this laſt ſubſtance; in its concen- 
trated ſtate; with mercury, in a glaſs retort; and receiving the 
produQtintoan mverted bell-glaſsfilled with the metallicfluid, 
and ftanding im a baſon of the fame, The mercury in the re- 
tort, attracts away ſome part of the oxygen from the concen- 
trated ſulphuric acid. That which ſtill remains in the acid 
is ſuſſicient only to give it the character of ſulphureons- 
grid. gau. The acid-gas is capable of a very intimate union 
with its kindred acid. Sulphureous- acid · gas in union with 
fulphuric acid, appears from the reſearches of Fouxcnor, 
communicated to the French Academy of Sciences in the 


year 1785; to occaſion the concretion of the latter, in the 


black fulphurie acid of Northaauſen ; which is liable to afford 
by fuming, a concrete ſalt, The fuming concrete acid ſalt 
=, obtained 


ww 3: fo ws -&. ST) 


——-— . 


w 
er 


Sulphur, and its Compounds. 111 
obtained from the ſalt of Northaauſen, is f come BOOK v. 


Ster. Nl. 


bination of ſulphuric acid with /phureous-acid-gas. 


| — 
All theſe three Combinations —of oxygen with ſulphur in Uſesof theſe 


more or leſs of light and caloric, ave of uſe for different r i® the 

purpoſes in the arts. The julpberic acid is eve of the moſt © 

common menſtrua in the laboratory. In medicine, it is, 

externally applied, a very uſeful cauſtie: taken internally 

after large dilution in water, it is a refreſhing, cooling, and 

antiſeptic remedy. The fuiphwreoxus acid, whether liquid 

or gazeous, is ufed, in dyeing, for whitening filks, taking 

out ſtains, &c. The ſuphuric acid is uſed alſo by the dyer 

and the hatter, &c, * | 
SvLeHuR is ſuſceptible of combination, not only with Conbivz. 

oxygen, but alſo with HYDROGEN, or rather with the com- tion of ful- 


pound which this laſt fubſtance forms with light and calo- fn, byda- 


The new combination thus produced, is SULPHURATED = po * | 


ene It has an inſufferably ſœtid ſmell, i is in- uYDROGEN= 
ſtantly fatal to animals, communicates a green colour to 34% 
ſyrup of violets, and burns with a light- blue flame. Kind. 
led to burn in a large bell-glaſs, over mercury; it affords 
water, and a depoſite of ſulphur ; products which ſuffici- 

ently indicate the compoſition of the original matter. Oxy- 

gen decompoſes it, and occaſions a depoſition of the ſulphur. 

It ſhould therefore ſeem, that ga- Hydrogen completely ſa- 
turated with oxygen, cannot combine with ſulphur; and that 

the attractions between oxygen and hydrogen are always 

more powerful than thoſe between hydrogen and ſulphur. 
Mineral waters, which are mineralized by this ſulphurated 
hydrogenous gat; are well known to loſe a part of their mi- 
neralizer, whenever they are brought into contact with the 
atmoſphere. Sulphurated hydrogenous gas was artificially 
compoſed by M. Gengembre, by melting ſulphur above 
"ne; | | mercury 
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man 300K. - mercury, in a dil zus ill wth hydrogenous-ga, under 
— 


mt 


expoſure to the heat of the ſun's rays. The nature of this 
compound will be farther illuſtrated, when we ſhall come 
to ſpeak: of the alkaline neutral ſalts. Water diſſolves ſul- 
fhurated hydrogenous gas with ſufficient readineſs and a per- 


feet imitation of ſulphurated mineral waters, is produced by 


the ſolution. Sz/phureous acid detaches the gas-hydrogen 


from the ſulphur. The red, fuming nitrous acid likewiſe 


precipitates the ſulphur of ſulphurated hydrogenous gas; and 
in the phænomenon, acts with great energy. 
There is alſo a reaction between sVLPHUR, and the fum- 


betweenſul- ing red nitrous acid. This acid poured on melted ſulphur, 


ur and 


—— occaſions detonation and flame. Sulphuric acid is produc- 


acid, 


ed by this event; and there is a diſengagement of gas-azote. 
Such are, — the character of sULPHUR,—the reactions 


+ which take place between it and various ſimple ſubſtances, 


—and the compounds which it forms with oxygen, and with 
gai-bydrogen. Its other compounds will be explained, as 


we advance. 


SECTION 
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SECTION FOURTH. 
OF PHOSPHORE AND ITS amian courdiine. 


P HOSPHORE of phoſphorus is a ſubſtance conſiderably plenti- nok v. 
ful in the kingdoms of nature, although not eaſily to be obtain- Szcr. IV. 
ed in a ſtate of perfect purity. In its ordinary purity, it is 
not unlike to ſulphur, in colour and confiſtency. It is, 
however, more inflammable than ſulphur, and leſs brittle. 
When very pure, it is of a clear, tranſparent, yellow colour. 
It is cryſtallized, lamellated, and fuſible. In nature, it is 
never found pure. But, there are ſaid to be in Spain r. 
whole mountains compoſed of phoſphoric acid in union ear og 
with lime. It is often found, too, in union with lead ored. 
with iron. Its exiſtence was firſt diſcovered in the year 1667, 
by a chemiſt of the name of Brandt, a citizen of Ham- 
burgh. After Brandt had made known this ſubſtance, but 
concealed the means by which he made the diſcovery; - 
the curioſity of chemiſts in general, was highly excited ; 
and they were all defirous to produce phoſphorus, as 
well as Brandt, Kunckel, after many unſucceſsful ex- 
periments, at laſt obtained it from urine. In the year 
1680, Boyle, not leſs ſucceſsful, preſented a ſmall quan- 
tity of phoſphorus to the Reyal Society of Londen. Boyle 
afterwards communicated his proceſs to Gadſreid Hank- 
witz, a German who had an excellent laboratory in Lon- 
den. It was by this man prepared for general ſale, in 
conſequence of which it ſoon became known throughout 
Europe. Yet, the preparation was long a ſecret. In the 
year 1737, a foreigner made offer at Paris, to communicate 
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Phoſphore, and its Compounds. 
an infallible. ſecret for preparing it. The French academy 
of ſciences appointed four of their number to make trial of 
the boaſted ſecret. It ſucceeded. The foreigner was rewarded 
by the French government for his communication. Hellot 
gave an account of the proceſs, in a memoir inſerted among 
the memoirs of the academy for the year 1737. This pro- 
ceſs was, however, extremely tedious; and was therefore 
ſearcely repeated by any chemiſts, ſave by the elder Rovelle 

in ſeveral courſes of his chemical lectures. In the year 
1743. Margraaf publiſhed, in the memoirs of the academy 
of Berlin, an account of a much ſimpler proceſs for obtain- 
ing phoſphorus. This proceſs has been farther ſimplified. 
It now appears, in general, that «urine, bones, and ſeveral 
other parts of animal bodies, afford phoſphorus : and that 
che reduction of theſe matters, if ſolid, into a ſtate of ſuffi - 
cient comminution; and the ſeparation of thoſe various ſalts 
with which the phoſphorus is intermixed,—by means of 
diſtillation, ſublimation, ſolution ; will, under the laws of 
chemical attraction, at laſt yield phoſphorus or PHosrHonE 
in a ſtate of conſiderable purity. 

Thus obtained, and refined to its utmoſt purity, Phoſphore 
cryſtallizes by cooling, into brilliant plates or laminz of a 


qualities. micaceous appearance. In hot water, it melts, a conſidera- 


ble time before the fluid be heated to ebullition. It is 
highly volatile; and when acted upon by a moderate heat, 
riſes in a thick vapour. In contact with air, it exhales a 
thick ſ.noke from every part of its ſurface. This vapour 
exhales 2 ſtrong ſmell of garlick ; and appears white in day- 
light,—in the dark, very luminous. The effuſion of this lu- 
minous vapour, is, in truth, a flow combuſtion of the pb 
Pborus tron which it proceeds. And this phznomenon never 
takes place, unleſs when the phoſphorus is in contact with air. 

PHoSPHORE 


bs. 
<> 
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, | m5" 
Pi(108PHORE expoſed, without acceſs of air, to the contact —_ * N 
of light and heat, is not known to ſuffer from them any * 72 | 
material change. 3. 24 
Oxygen is the grand agent by whole influence it is liable liek 0 =—_ = 4 
to undergo a change of ſtate. Such is its appetency for won = Fo ; 
X oſphor. K 

oxygen; that, in conditions, and at temperatures apparently * : 4 79 
the moſt unfavourable, if there be but at all the acccfs of or ger >a 72 | 
atmoſpheric air; phoſphorus never fails to attract at leaſt phor; and 7 1 
enough of oxygen, to bring it into that flow combuſtion by — FJ 
which the phoſphorous acid is formed, This flow combuſs ric acid. "Sel 
, . X:#Þ 
tion will eaſily take place at the temperature of between 2þ 
RES 4 


66 and 67 of Fahrenheit's thermometer, or even at a 


lower temperature. At the temperature of 860. of Fahren- ++ "| 
heit, it kindles with decrepitation; burns with a lively _..- 
white flame, mixed with appearances of a yellow and green > 44 | 
colour; and deſtroys with great activity, any combuſtible {21 
body coming within its reach. The phoſphoric acid is the MA 
product of this combuſtion. The beautiful experiments of 5 
Lavolstxx upon the combuſtion of this body, have ſnewn; = * 


that no more than a given quantity of phoſphore can be 
burnt in a given quantity of air; that, the proportions a- 
mount to 1 grain of phoſphorus to 16 or 18 cubic inches 


4 * 

Annen 1 
* G5 * 
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[ome 3.97 


* 
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- + 2 


of air ; that after this combuſtion, the phoſphorus is ex- 4 128 
tinguiſhed z and the air rendered unfit to ſupport a new 9 
combuſtion; that the bulk of the air is by the combuſtion EE | 
diminiſhed, and the phoſphorus converted into white ſnowy 5588 
flakes which fix on the ſides of the glaſs veſſel in which A. * 
the experiment is performed ; that the weight of theſe 2 | 
flakes, is preciſely equal to—that of the original phoſphorus . * | 
—together with the diminution of weight which the air has "i 
ſuffered by the combuſtion. Theſe reſults evince clearly, ; 1 
that the combuſtion of phoſphorus, is, like other inſtances WE} 
H 2 of * 
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— — of combuſtion, accompliſhed by the combination of the phoſ- 
bhborus burnt—with oxygen. The explanation of this phæ- 
| nomenon, formerly given by chemiſts, was far different. 
The production of phoſphoric acid by the combuſtion of 
phoſphorus may be accompliſhed, —either by burning it, in 
the rapid way, under a bell-glaſs filled with atmoſpheric 
air, and immerſed in mercury; or by paſſing a ſtream of 
vital air through phoſphorus melted under water; or by 
burning it with weak nitric acid; or by that flow burning 
which has been improperly termed the formation of phoſ- 
phoric acid per deliquium, and which couſiſts merely in ex- 
poſing ſticks of phoip!.orus, in a proper politian, to the 

acceſs of atmoſpheric air. 
Ford zd Pure phoſphoric acid, obtained by any of the three for- 
qualities of mer of theſe proceſſcs, is in the form of white flakes, ſnowy, 
— light, deliqueſcent, and of a very ſtrong acid taſte. If ex- 
poſed to air, it quickly attrafts moiſture. Brought into 
contact with water, it eaſily melts ; affording a white fluid, 


without ſmell, of an oily contiſtency, very ponderous, of 2 


ſtrong acid taſte, and capable of changing blue vegetable 
colours into red Expoſed, in a retort, to the action of fire, 
it affords a pure phlegm; the remaining acid is concen- 
trated, even to a more ponderous ſtate than that of the con- 
centrated ſulphuric acid: By degrees, it acquires conſiſten- 
cy and opacity; and appears like a ſoft extract: It urged, 
at laſt, by a violent heat; it melts into a tranſparent glaſs ; 
which is hard, highly electric, and inſoluble. Phoſphoric acid, 
obtained by the proceſſes above deſcribed, and concentrated, 
if diſtilled in its dry ſtate with carbone,—will afford phoſ- 
phorus; for the oxygen of the acid is attracted into combi- 
nation with the carbon, Creil having concentrated phoſ- 

| | phorig 


r 
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phoric acid to dryneſs, found its ſpecific gravity to be to BOOK V. 
| that of water as 3000 to 1000. SECT. IV. 


The PHosPHOROUS AC1D, the reſult of the flow e e 
of phoſphorus, bears to the phoſphoric acid, nearly the fame re The rue 
lation which the /ſu/phureous bears to the ſulphuric acid The dein. 
difference conſiſts ſolely in this, that there is in the phoo 
Phoric acid a greater proportion of oxygen, in the phoſphorous 
acid, a {ſmaller proportion of this acidifying matter. When 
rubbed, and ſtill more when heated, the phoſphorous acid 
takes a fœtid and difagreeable ſmell. A part of it is then 
volatilized in a very acrid and pungent, white vapour. But, 
the acid is never wholly volatilized into ſuch vapours. The 
phoſphorous may be prepared by the decompoſition of the 
phoſphoric acid; and in the production of phoſphorus, there 
is always a certain quantity of the weaker acid diſengaged. 
This weak acid' is faid by M. Sage to be non-deliqueſcent. 
Its other properties have not as yet been, all, carefully ex- 
amined. 

Theſe « are the acid compounds of phoſphore with oxy- 
gen. 

In hot water, pHosPHoORE, beccmes liquid. Even in cold 
water, it gradually loſes its tranſparency, becomes yellow, van __ 
is covered over with an effloreſcence, and communicates to phoſphore x 
the water, the properties of acidity, and of a power to ap- 
pear luminous when agitated in the dark. Phoſphore im- 
merſed into ſolutions of the cauſtic fixed alkalis, under a 
boiling heat; affords by the decompoſition of the water of 
the ſolution, a compound of phoſphore with gas-hydrogen; TORE ke 
which was firſt diſcovered by M. Gengembre, and has re-xarer ur- 
ceived the name of PHosPHORATED HYDROGENOUS GAS. Its . 


ſmellis fetid; and it poſſeſſes the propertyof kindling with an 
H3 exploſion, 
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BOOK V. exploſion, when it is brought into ee with atmoſphe- 


3 ric or with vital air. 
+0 Concentrated nitricacida&ts with . upon PROSPHORE. 
Action of 


nitrie acid If the phoſphore be hot, the acid kindles it with great rapidi- 


on phof- ty; and afſords phoſphoric,—or if the combuſtion be faint 


Mae oe the refulr-of ihe recfiien'ef 
theſe two ſubſtances upon each other. It is eaſily ſeen, 
that, in this inſtance, the nitric acid is decompoſed, and 
the phoſphoric acid formed; becauſe the attraction, between 
oxygen and phoſphore, is ſtronger than the attraction * 
tween oxygen and azote. 

PHrospHokt combines with ſulpbur by fuſion and diſtilla- 
. tion. The reſult is a ſolid compound of a fœtid ſmell, 
phur with Which burns with a yellow flame, ſwells in water, and com- 
phoſpbore. munĩcates to this fluid, the acidity and the odour of thoſe 

compounds which are known by the name of alkaline ſul- 
phures. The union of theſe bodies occaſion, as it ſhould 
ſeem, the decompoſition of a part of the water. This ſul 
phure of phoſphorus, or phoſphure of ſulphur, is far more ſoluble 
than either of its principles taken ſeparately. Sulphuric acid 
diſſolved with pHosPHORE in a retort, burns it almoſt entire- 
ly, but by a ſlow, not a rapid combuſtion. The attraction 
between oxygen and phoſphore, is indeed ſtronger than that. 
between oxygen andſulphur; yet not ſo remarkably ſtronger, 
as it is in compariſon with the attractions between oxygen 
and azote in the nitric acid. 


r The luminous writing made with a ſtick of phoſphorus, 
phoſphore, uſed in the dark, and in the open air, is fufficiently known. 
Some trials of phoſphorus and its acids have been made in 
medicine. It has not yet been applied to any wide variety 


of other uſes. 
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1 


The proceſs for extracting phoſphore from bones, 


lows. Powder the bones. Paſs the powder through a 
phoric acid in a glaſs, beſide a quantlty of other ſalts to be 


elſewhere explained. 


fieve. Add to it ſulphuric acid. 


fo 


SECTION FIFTH. 


MURIATE AND ITS IMMEDIATE COMPOUNDS. 


rag B. ſucceſſive proceſſes, we obtain from ſea-ſalt a ſubſtance 
non by the name of the MURIATIC ACID. This acid, 
iuntinte mnalogy, and every thing ſave actual decompoſition, has 
nature of taught modern chemiſts to regard az a compound in which 
priate un" oxygen is united, as in the other acids, with a particular 
baſe. Some chemiſts have occaſionally fancied ; that they 

had ſucceeded in analyſing MURIATIC ACID into its compo- 
nent principles, and had diſcovered the nature of MURIATE. 
But, this idea has not been ſatisfactorily confirmed by the 
repetition of their proceſſes. Mur1ATE therefore is hitherto 

conſidered as the unknown baſe of MURIaTiCc acip. The 
attraction between oxygen and this unknown baſe, ſeems to 
be ſtronger than any other attractions which we can em- 

ploy to overcome it. 

Mul ric 4c, this compound of oxygen with an un- 
Liquid mu-known baſe, poſſeſſes a very diſtin and remarkable cha- 
riatic acid. ter as an acid. In its perfect purity, as a liquid, it is 
abſolutely colourleſs. If ſtrong and concentrated, it exhales 
a white ſmoke upon being expoſed to the air. Its ſmell is 
vivid and penetratiug; and when the acid is weak or much 
diluted, reſembles the ſmell of the apple known by the 
name of the golden rennet, It communicates to the ſyrup 
of violets, and to all other blue vegetable colours, a deep 
red tinge, but does not abſolutely deſtroy them. In this 
liquid tate, it is denominated the fuming nſluriatic acid. But 
this is property as has been fatisfaCtorily evinced by the ex- 
periments 


Muriate, and its Compounds. \._ ak 
rouge of PrEsTLEY, only an aqueous dilution of the ny, 
real wt 


To obtain the genuine gazeous acid in a ſtate of parity, 
the following proceſs may be employed. Heat the liquid est cl to. 
fuming acid in a retort having its extremity connected r 2 
a bell- glaſs inverted over mercury. Ihe gas, which is much? 
more volatile than water, will ſpeedily paſs from the retort 
into the bell-glaſs: And you will then perceive the acid- 
gas in its diſtinct and peculiar form. Or, into a tubulated 
retort, put 3 parts of decrepitated ſea-ſalt, with 1 part of 
ſtrong ſulphuric acid : The ſulphuric acid combining with 
the ſoda of the ſea-ſalt, will expel the muriatic acid in its 
gazeous ſtate: And the latter acid may then be received 
into an inverted glaſs with mercury : ln order to prevent 
any part of the acid- gas from eſcaping, Woulfes apparatus, 
formerly deſcribed, may be uſefully employed. 

In this gazeous ſtate, the MURIAaTIC ACID is more pon- 
derous than common air, It „„ 
odour. Its cauſticity is ſuch as to inflame the ſkin, and to of this acid- 
occaſion violent itchings. It ſuffocates animals. Poured®* 
upon the flame of a taper ; it firſt expands it, and makes 
it aſſume around the edges, a green or blueiſh flame; then 
at laſt extinguiſhes it. It is ſubject to be abſorbed by all 
ſpongy bodies, In appearance, it differs not from comuion 
air. 

Ligbt does not act with any ſenſible altering force upon AQtion of 
this acid-gas., _ — 

Heat rarifies it, and increaſes its elaſticity. Its — 
is ſomewhat diminiſhed by the action of the electric ſparks 
paſſing through it. 

The mojflure of the atmoſphere when brought into con- 4.7 _. 
tact with MURIATIC-ACID-Gas, clouds it and reduces it to- water on 
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— V. wards the ſtate of the liquid acid. M. I Arcet has obſerved; 
that atmoſpheric air, when exceedingly dry, does not pro- 
duce ſuch an effect upon MuRIAaTIC-aciD-Gas. The in- 
ference is obvious. With /iquid tarer, the arid-gas com- 
bines with ſufficient readineſs. Te coming into contact 
with this gas, inſtantly melts to abſorb it. Uniting with 
this gas, water becomes conſiderably hot: But, after the 
union has taken place, the combination becomes ſufficiently 
cool. The moſt concentrated and pure quid MURTIX TIC 
AcID is obtained by ſaturating pure water with the elaſtic 
fluid. It is certain, that the heat produced in water, when 
it is united with muriatic-acid-gas, can proceed only from 
the diſengagement into a free ſtate, of a part of the caloric 
which was neceſſary to give the gas now liquified, the ex- 
panſion of the gazeous form, 

8. Neither the /iquid nor the gazeous MURIATIC ACID enters 
> <4 pac into any decifively apparent combination with vital air in 
s: its elaſtic fluid form. It has indeed been affirmed, that by 

violent agitation the liquid MURIATIC ACID may be made 

to abſorb a portion of vita} air. But, it is more certain, 
that this acid is ſuſceptible of a /uper-oxygenation ; the diſ- 
covery of Scheele, and after him, of Berthellet. This ſuper- 
oxygenation is produced by the diſtillation of the concen- 
trated liquid MURIATIC ACID with a ſubſtance with which 
we ſhall hereafter become more particularly acquainted un- 
der the denomination of Black oxyd of manganeſe. The 

product of the diſtillation, received through water in a 
Wnlities of ſuitable pneumatico-chemical apparatus; diſcovers itſelf firſt 
=D v*14- in the form of yellow vapours ; and afterwards aſſumes a 
*e 32% concrete form, and falls in cryſtals to the bottom of the li- 

quor into which it is received. In a liquid form, this new 
falt has a harſh, though not an acid taſte, It whitens and 
| deſtroys 
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deſtroys vegetable colours, without changing them at all BOOK 


123 


Ster. — 


into a red hue, Heated with lime, it gives out gas- oxygen 


in conſequence of which, it muſt again return into the ſtate 
of ordinary muriatic acid. Paſſing from the ſuper-oxygen- 
ated ſtate to that of ordinary MURIATIC ACID, it always 
deſtroys vegetable colours. In its concrete form, it is cryſ- 
tallized in quadrangular priſms, truncated very obliquely, 
and terminated by a lozenge. It is ſuſceptible of the gaze- 


ous form, as well as the common MURIATIC ACID. In con- 


ſequence of the experiments of Berthollet, it is now general - 
ly uſed in bleaching. It has been recommended to make 
old books and manuſcripts, clearly legible ; as alſo for 
whitening green or yellow wax. It is commonly known 
under the appellation of the oxygenated meriatic acid. 


The ſimple MURIAaTIC ac is ſuſceptible of a very ande 


combination with the nitric acid. The compound which 
union produces, is known by the name of aqua-regia, or the 
NITRO-MURIATIC ACID. It appears from the experiments of 
SCHEELE, BERGMAN, and laſtly of BexTHoL LeT; that the ni- 
tro- muriatic acid is nothing but MURIATIC AC1D ſuper-oxygen- 
ated, and holding, beſides, in combination with itſelf a por- 
tion of nitrous gas. A comparatively ſmall portion of ni- 
tric acid, will be ſufficient to produce, by intermixture with 
muriatic acid, the new compound of aqgua-regia. A part of 
the muriatic acid employed, attracting oxygen from the nitric 
acid, is then diſſipated in the form of oxygenated muriatic 
acid gas. It is the reſidue that appears as nitro-muriatic 
acid, This mixed acid is inferior in ſpecific gravity, to 
either of the two acids of which it is compoſed. Its ſmell 
is peculiar ; its colour commonly a citron- yellow. Light 
entricates from it a portion of gas oxygen, Heat ſeparates 
from it, oxygenated muriatic acid-gas. It combines in any 

proportion 
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BOOK V. proportion with water: and while the combination takes 
( — place, caloric is given out. It is much uſed in chemiſtry, 


and in the art of aſſaying, —as vill hereafter more particu- 


ly appear. 
1 Sulphuric acid readily unites with the MURIATIC ACID. 


| ReaQtion Heat is execited when they are mingled together; and 


between the 


ſulphuric, muriatic acid gas is then plentifully diſengaged in white 
and the mu- vapours. It is affirmed by Boeerhaave, that MURIATIC ACID 
renders oil vitrio concrete. 

11. The MURIATIC ACID is made uſe of, in the art of y- 
Une ing in the humid way; and in ſeveral others of the arts. 
acid · In medicine, dilutions of this acid in water, are ad- 
| miniſtered, as diuretic, antiſeptic, cooling. It is externally 

applied, as an eſcharotic, as a cure for the gangrene in the 
throat, aphthz, &c. Mixed with water, it compoſes a bath 
for the feet, which ſome people employ as a ſpecific to 
draw the gout from the more vital to the inferior parts. 


_ Tiatic acids. 


SECT. 
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SECTION SIXTH. 


* 


BORACE, AND ITS IMMEDIATE COMPOUNDS. 


F nou India, Perſia, and China, from the manufactures 
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BOOK V. 
Ssct. VL 


of Holland, and of Paris, from ſome lakes in Tuſcany, ou. 


of a cubic quartz of Limeburgh, of which a ſpecimen was en. 
analyſed by M. Weftrumb ; we obtain a ſubſtance which is obtained. 


well known in commerce by the name of Berax. That 
ſubſtance is not ſimple, but a compound. A chemical pro- 
ceſs reduces it to a ſtate of greater ſimplicity. Seeing the 
qualities which the product of this laſt proceſs, exhibits z 
we infer from them the exiſtence of ſuch a ſubſtance as 


BORACE, the baſe of an acip which we call the noxacic Bonet. 


acid, and affording this compound by a ſecret natural com- 
bination with oxygen. It is analogy alone which aſſures 
us of the exiſtence of the ſubſtance which we call pBokace. 
But, that analogy is ſo fair, plauſible, and rational; that, 


we may ſafely venture to confide in it. Origin of 
The BoRACIC ACID, the compound of BoRacE with oxy-the nonace 


gen, has been found by Hoefer, in diffuſion, in the waters 
of the lake Cherchiajo, near Monte-Rotando, in the terri- 
tory of the Lower Sienneſe; in the waters alſo of the lake 
of Caſtelnuovo; and even in the mines of Tuſcany. It 
was firſt extracted from borax, by a once celebrated French 
chemiſt of the name of Homberg. It ſeems to have its 
origin from the putrefaction of fat bodies. 


IC ACID. 


It is a concrete matter, cryſtallized in ſmall white ſcales, Obꝰisus 


very thin, irregularly formed, figured round the edges, ex- 
tremely light, and ſometimes glittering. Its taſte is faint, 
yet ſenſibly acid. It communicates a faint redneſs to the 

| colour 


qualities of 
this acid. 
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into a tranſparent glaſs. This glaſs, when expoſed to the 
air, becomes opaque, and is covered with a white duſt. 
The glaſs is the boracic acid, unaltered : When diſſolved 
in water, and, made to cryſtallize, it reſumes its granulated 
form. | 
5 — . In water, this acid diſſolves, but not without difficulty. 
nation with Not more than 183 grains of the acid can be diſſolved in 
vater. a pound of boiling water. By cooling and partial evapora- 
tion, the diſſolved acid may be reſtored to its cryſtalline 
form. The aqueous ſolution of Bokacic Acip reddens 
tincture of turnſole, and flowly alters the colour of ſyrup 
of violets. Box Acc Acid, if moiſtened with a ſmall quan- 
tity of water, and heated in a cucurbite, which is fitted 
with a capital; ſuffers a volatilization of part of the acid 
with a part of the water : But, after the whole of the wa- 
ter has been evaporated, the volatilization of the acid 
ceaſes: So that, it appears to have been only in conſe- 
quence of its union with the water, that the acid was in the 
former inſtance volatilized. Sublimated in this proceſs, the 
acid preſents itſelf in a beautiful, ſparkling, cryſtalline form. 
It is in this ſtate very pure, and is known in pharmacy, by 
the name of Sublimated Sedative Salts. | 
D The action of the other acids upon the BORACIC ACID is 
Reaction not well known. If Sulphuric acid be diſtilled upon it; the 
bote ORACIC ACID produced a partial decompoſition of the 


BORACIC A- 


wh 

4 
I 
* 


ciÞ and the other. The conſequence of the diſtillation, is, a reduction 
of the ſulphuric into the ſtate of ſulphureous acid. The 
nitric and the muriatic acids diſſolve the BoRAcic ACID. 
But, the phenomena which take place upon this occaſion, 
| have 
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to enable us to de- BOOK v. 


have not yet been ſufficiently obſerved, 


termine, 


6. 


aſcribed to it in aud actions 


a very eminent degree, as a medicine. But, is now little this acid. 


uſed 


Sect, VL 


be mutual. 


In its attractions, the Boracic acid is the weakeſt of all 


known acids. 


ic virtues were once 
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SECTION SEVENTH. 


OF FLUORE, AND ITS MORE IMMEDIATE COMPOUNDS, 
Sxer. VII. 1 — throughout the mineral kingdom of nature in 
* great abundance, we find a ſubſtance which has received 
8 the appellation of Fluor - Spar. It abounds eſpecially in the 
Whence vicinity of veins of metallic ore. It has a cubic form, a vi- 
treous aſpect. It is plentiful at the mines of Derbyſhire in 
England; and from this circumſtance, popularly known in 
Britain, by the name of Derbyſhire Spar. From this ſub- 
ſtance, chemiſtry obtains by diſtillation with ſulphuric acid, 
another and peculiar acid, which from the ſubſtance out of 
which it is obtained, has received the name of the L VoRI 
Amp. FLuot is the baſe of this acid; but has not yet 
been ſeparated from the oxygen by which it is acidified. 

af The character of this acid was, for the firſt time, ſatiſ- 


obtained. 


qua lt of faltority explained by thoſe Yhiltrious Ben chemiſts 


pion" ScHezLe and BxRGMAN, When pure, it has a gazeous 
form ; is more ponderous than common air; extinguiſhes 
lights; and ſuffocates animal life. Its ſmell is but little leſs 
pungent and penetrating than that of muriatic acid gas. 
Its cauſticity corrodes the ſkin. 
3 It ſuffers no ſenſible alteration from light. Caloric ex- 


|= web pands it, but without changing its nature. 


heat on it. Its relations to water are more remarkable. It attracts 


Its relations into combination with it, the moiſture of the atmoſphere. 
to water. In union with the miciſſure thus attracted, the FLUORIC Ac 
Gas takes the form of a thick, white vapour. With /iguid 
water, FLUORIC ACID GAS readily unites. There is an e- 
miſſion of caloric into a free ſtate, out of the acid gas, at 
| the 


—— —— — 
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the inſtant of their union. Another remarkable phzno- BOOK V. | 


V 
menon by which ———— 


depoſition or precipitation out of the acid gas, of certain 
particles of a fine white earth, with which we ſhall here- 
after become more particularly acquainted under the deno- 
mination of Silige or Siliceous earth. The quid FLUORIC acm 
may be decompoſed, like the liquid muriatic acid, by heat- 
ing it in a retort of which the extremity is connected with a 
bell-glaſs filled with mercury. The acm, reſuming the 
gazeous form, paſſes out into the bell-glaſs; leaving the wa- 
ter pure. 

Theſe and other properties of FLuoRIC AciD Gas, which, i. Bos im: 
we ſhall hereafter have occaſion to ſtate, ſufficiently prove perfectly 
it to be a peculiar acid; diſtin from the muriatic acid. 

But, farther chemical inveſtigation ſcems requiſite to illuf- 
trate its character fully. 4 

This ac, whether liquid or gazeous, has not yet been ts uſcs. 
applied to the ſervice of the arts. When proceſſes ſhall be 
invented, by which we may more eaſily obtain it; it may 
then probably be uſefully employed for many important 
chemical purpoſes. 
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SECTION EIGHTH. 


OF SUCCINE*, AND ITS ee COMPOUNDS. 


BOOK V. 
Sec. VIII. T Rom i the bowels of the earth, and on * ſea- ſhore in 


YR the pruſſian dominions; ; on the hills of Provence, near the 
town of Siſteron; in the marquiſate of Ancona, and in the 
FR duchy of Spoletto in Italy; in Sicily, Poland, Sweden; oc- 
' Origin of Cafionally on the north-gaſt coaſt of Scotland; and in vari- 
this fub- ous other countries; there is obtained a combuſtible ſub- 
ſtance, named $UCCINUM or amber, which appears under dif- 
ferent varieties of form; is combuſtible; and affords by 
diſtillation, among other principles, a peculiar acid, 
known in modern chemiſtry, by the name of the succixic 
ACID. This acid has never yet been reſolved into its com- 
ponent principles. But, from the analogy of the other 
acids, with which it agrees in its generic properties, the 
SUCCINIC ACID has been plauſibly inferred to be a com- 
pound of OXYGEN the general acidifying principle, with, a 
peculiar, unknown baſe. That unknown baſe, is what we 

—T denominate SUCCINB, 

Svecixie Its combination with oxygen in the succivic ac, ſhews 
ES itſelf in the receiver, as a product of the diſtillation of amber, 
in the form of a concrete ſublimate. Its ſmell is bitumin- 
ous. It is cryſtallized in the form of needled cryſtals. It 
is ſuſceptible of many new combinations with other ſub- 


ſtances, 
3. - It is true, that late inveſtigations, together with the 
e oleaginous appearance, and the inflammability of this acid, 


cinic aciv. have led chemiſts confidently to conclude its baſe to be a 
compound of hydrogen with carbon. 
SECT. 


* Frobably a compound of Hin with carbon, 
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SECTION NINTH. 


- 


OF ACETE, AND ITS MORE IMMEDIATE COMPOUNDS. 


* 


| f 
Anza bodies, after the extinction of their vitality; ve- BOOK v. 4% | 
getable ſubſtances, when the principle of vegetation has nen Wo 


died within them; liquids impregnated with animal and ve- 1. | 
getable matters; are all ſubject to certain natural changes, Origin of 955 | 


by which their ſtructure is gradually and ſpontaneouſly 77 a 
deſtroyed, and they are reduced in a natural decompoſition | £Þ 
to their uncombined elementary principles. All theſe | | 
changes are diſtinguiſhed in popular language, and even 81 
by philoſophers, under the two denominations of Fermenta- "= ö 
tion and Putrefactian. Chemiſts, at length more accurately * 8 
informed concerning what takes place in the progreſs of 7 
theſe decompounding changes; have applied to them all, 3 
the common and generic name of FERMENTATION 3 but '* 
have diſtinguiſhed three different ſtages of this FERMENTA- 7 
riox, — the vinous or ſpirituouis, — the acid or acetous,—and the 5 
putrid or putrefattive. 8 


% „ 
1 2 - 
— — 


A future occaſion will ariſe, to require us to ſurvey in all 
their detail, the phænomena of theſe three different ſtages 
of Fermentation. At preſent, we are to examine a particu- 
lar product of that which is termed Acetous Fermentation. 
This product is acetum or vinegar, from the evolution of 
which, this particular ſort of fermentation, derives its name. 
Vinegar affords by diſtillation, a peculiar acid fluid which 
has been named with ſufficient propriety, in regard to two 
different ſtates of oxygenation, of which it is ſuſceptible, 
the acEToUs or the ACETIC acid. The decompoſition of 
«his acid affords the baſe which 5 hs ACETE. | 
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BOOK v. This baſe has ſcarcely yet been exhibited by chemiſts in 
9 5 IX. naked ſtate. A deſcription of its phyſical properties, 
2. therefore, cannot here be given. It is, notwithſtanding, 


| — ſuſpected, from a very ſtrong and plauſible analogy, to be, 


tion. itſelf, not ſo much a ſimple as a compound ſubſtance. Its 
elements are ſuppoſed to be two ſubſtances which have been 
above deſcribed, Hdregen and Carbon. 

. The 4c rous ACID, one of the products which are ob- 
The err. tained from vinegar by diſtillation, is clear, liquid, volatile. 
ou ativ. It has an agreeable taſte and ſmell. Intenſe heat decom- 
poſes it. Even a moderate heat, with the acceſs of air, 
gradually alters it. It is always more or leſs four. Ebulli- 
tion for a few minutes is neceſſary to bring it into that 
condition in which it may be beſt preſerved for uſe. If 
expoſed to the action of froſt; the Ac rous Ac1D ſuffers the 
congelation of any portion of water by which it was di- 
luted: but, what remains uncongealed by the froſt, is con- 
centrated acid. This acid appears to be almoſt always 
blended and contaminated with various other matters, even 

in the pureſt ſtate in which it is ordinarily obtained. 
Copper oxydated and diſſolved in acx rous acm, affords 
4 by the evaporation and cooling of the ſolution, green cryſ- 
. in truncated quadrangular priſms, or rather in the 
form of beautiful pyramids. Theſe cryſtals, of which the 
chemical name is, acetite of copper x if they be reduced to a 
powder, and diſtilled in a glaſs or earthen retort ; afford a 
fluid product, which is at firſt white and acidulous, but 
becomes within a ſhort time ſo ſtrong, as to be not inferior 
in acidity to concentrated mineral acid. After the white, 
acidulous product has paſſed ; it is neceffary then to change 
the receiver; that the ſtrong acid may be obtained ſeparate. 


This produdt is the acxr ACID, It appears to bear to 
|  ACETOUS 


Arete, and its Compounds. 


ACETOUS ACID the ſame relation which the oxygennated mu- 
riatic acid, bears to the muriatic acid; or rather that rela- 
tion which the ſulphuric bears to the ſulphureous, the nitric 
to the nitrous acid. It has acquired by attraction from the 
oxydated copper, an extraordinary proportion of oxygen. 
Tt is of a ſmell fo lively and pungent, that it can ſcarcely 
be borne. Its cauſticity is ſufficient to corrode and caute- 
rize the ſkin. It is extremely volatile and inffammable. 
Any quantity of it, will quickly diffuſe itſelf wholly away 
by evaporation in the air. It combines with water ; giv- 
ing out a confiderable heat, while the combination takes 
place. It has been ſhewn by the Marguis de Courtanvaux; 
that nothing but the laſt portion of what the diſtillation of 
acetite of copper affords, is actually ſuſceptible of inflam- 
mation; and that this portion cryſtallizes by rectification, 
into plates and needles, and requires to reduce it to fluidi- 
ty, a heat of more than 14* above the freezing point. The 
ACETIC ACID is uſed in the preparation of acetic ether, Qc. 
It is to be wiſhed, that the nature of this interefting acid 
were farther illuſtrated by the inveſtigations of chemiſts, 
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J SECTION TENTH. . . 


2% 
IJ 


OF TARTARE, AND ITS IMMEDIATE COMPOUNDS, 


* 

1 

72 
U 


BOOK V. Br the developements of that which is named vinous fer. 
SecT, X. mentation, as alſo from muſt, from verjuice, and from other 
x. Vegetables in chemical proceſſes; we obtain a ſubſtance 
— 0 which is well known in commerce, by the name of Tartar. 
Tartar is, however, procured, moſt commonly, and in the 
greateſt quantities, from wine, by gradual depoſition upon 
the interior ſides of the caſks in which this liquid is repo- 
ſited. Chemical proceſſes of ſolution, heating, mixture, 
and evaporation, at length ſucceed fo far as to preſent this 
ſubſtance of tartar in a purer ſtate, in which it is called cream 
of tartar. A new proceſs, ſaturating with lime, the ſolution 

of this cream of tartar, waſhing the ſolution, digeſting it 
with ſulphuric acid and water, and then evaporating and 
cooling the mixture; at length obtains in diſtinct and pe- 

culiar cryſtals, a new ſubſtance which is known by the 
name of the tartareaus acidulum. This acidulum conſiſts of 
tartareous acid in combination with a ſmall proportion of a 
ſubſtance named potaſh, with which we ſhall very ſoon 

have occaſion to make ourſelves particularly acquainted. 
The diſtillation of this acidulous ſubſtance, and the ſubſe- 
quent lixiviation of the reſidue, evince in what proportion, 

a potaſh is mixed in the acidulum with the component parts | 
of the genuine acid. SCHEELE was the inventor of a proceſs | 
in which tartareous acidulum ; diſſolved in boiling water; | 
mixed with a ſaturating quantity of chalk ; combined with | 

| this chalk into the ſalt named calcareous tartarite ; in this , 
. | | combination, 


1 


Tartare, and its Compounds. 
combination, filtered and waſhed with cold water; then 


digeſted for the ſpace of twelve hours with a due propor- _ 5 


tion of diluted ſulphuric acid; affords over a precipitate of 
ſulphate of lime, —a liquor, that, by evaporation. yields at 
length pure TARTAREoUS acid. A ſecond ſolution of that 
liquor evaporated to dryneſs; and then an evaporation or 
ſlow cooling of this ſecond ſolution, to a ſyrup-conſiſtency 
will at laſt give this aciD in its genuine form of minute 
prifms, or ſmall ſharp-pointed needles. Theſe have been 


deſcribed by Bergman, as divergent leaves; by Re!z:us, as 
ſimilar to hairs intwined together. But in truth, their 


form is ſuch, that it can ſcarce be determinately deſcribed. 
They are, at the firſt,-very white; towards the end of the 
operation, rather yellow. | 

It is the baſe of this ſalt to which we would give the 


having been effected with {ufficient ſucceſs, has ſerved to 
ſhew, that the baſe is a compound, not a primary and ſim- 
ple ſubſtance. Its component principles appear to be - 
drogen and carbon. It is from what experiment has in this 
caſe plainly evinced, that the baſes of ſome other acids have 
been by analogy alone, concluded to be alſo compound. 


— 3. 
The TARTAREOUS ACID compounded of hydrogen and ne e 
bon thus united for its ba/e—with oxygen to acidify that reous acid. 


combination; preſents itſelf, as was above noticed, in the 
form of white or yellowiſh, needled cryſtals. Brought m- 
to contact with bodies in combuſtion, it alſo melts, fumes, 
becomes black, and even takes fire. However pure, it is 
always oily. By diſtillation it is decompounded into an 
acid phlegm, a ſmall portion of oil, a larger proportion of 

I 4 . _ carbonic 


; | : Its nature 
name of TARTARE. This baſe has never yet been obtained and com- 


abſolutely ſeparate. But, the decompoſition of the acid, Pounds. 
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. carbonic acid gas, and a mixture of carbonated hydrogenous 
1 It is carbon unmixed with alkali, that forms the reſi- 
due in the retort. It is not liable to alteration in the air. 
Its taſte is very pungent. n 

lets, or of turnſole. 


1 
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SECTION ELEVENTH. 


OF PYRO-TARTARE, AND ITS IMMEDIATE COMPOUNDS. 


137 


'Lan PYRO=TARTARE is not a ditin&, well known, pe- BOOK v. 


Sect. XI. 


partie op nr ng oy" 


and incapable of decompoſition. It is the ſuppoſed baſe of 


an acid which is named the PYRo0-FARTAREOUs, and is on- Origin of 


ly a modification of the tartarens acid. This baſe is accoun- tare. 
ted a compound of hydrogen with carbon, juſt as well as 
the baſe of the acid laſt deſcribed. 

This PYRO-TARTAREOUS ACID in which the baſe, PrRro- 
TARTARE, is combined with oxygen, is the acid phlegm Th 


diſtillation by which the tartareous acid is finally obtained. 
Probably, amid the decampeſutions which take place in this diſtilla- 
tion, there may le a new compoſetion of wates by the unian of 
ſome portuon of diſengaged hydrogen with oxygen from ſame other 
parts of the mixture : CER CHI 
perdin of args jining this bas; may then be the private o 
which the pyro-tartareous acid is compoſed. It is the action of 
heat, to which the oxygen of the yrR0-TARTAREOUS modsfi- 
cation of the tartareous acid, is aſcribed. Its taſte and ſmell 
are empyreumatic. It reddens tincture of turnſole, and 
blue paper. It diſengages the carbonic acid from all the 
terrene and alkaline baſes with which it is known to be 
combined. It forms with. theſe baſes, a particular claſs of 
neutral ſalts: And its entering into their formation, is the 
moſt remarkable of its diſtinctive properties. It does not 
cryſtallaze. It is rarefied by heat. 
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which paſſes as the firſt product into the receiver, in that acid. 
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SECTION TWELFTH. 


or OXALE, AND ITs IMMEDIATE COMPOUNDS. | 
BOOK V. 

_— XI. I* Germany, and other places there is extracted from the 
1, wood of ſorrel, which Lixxꝝus names aceto/ella, a cryſtalline 
_— ſalt which may be obtained alſo from other plants. This 
falt appears in commerce, in the form of minute, white 
cryſtals. Expoſed to diſtillation, it affords a product of 
inodorous, colourleſs phlegm, which is the oxaLic ActD al- 
moſt perfect and unaltered. The ſalt of ſorrel of commerce 
is what chemiſts call the oxalic acidulum But, it is the baſe 
of the acid obtained by diſtillation from the acidulum, which 
ve would here diſtinguiſh as a peculiar ſubſtance, under the 

appellation of oXALE. 
Natur-of This OXALE has never yet been exhibited in a perfectly 
oxaie. naked ſtate, But, the acid into which it is known to en- 
ter, has been decompoſed: And the decompoſition has 
evinced, that ox ALR, like ſome others of the acidifiable 
baſes, laſt deſcribed, muſt be a compound of hydrogen with 

carbon. 

8 The ox4Lic actin, the compound of oxxlE with oxygen, 
of the oxa- when obtained in the manner above deſcribed, or by a 
HC ACID. more complex, but in the end more completely ſucceſsful 
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Y _ proceſs which has been recommended by Scheele, and will 
2 be hereafter explained; appears in quadrilateral priſms, 
3 having their ſides alternately broad and narrow, and ter- 


by 3 
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5 | minating in dihædral ſummits ; or often alſo in ſquare or 
| rhomboidal, cryſtalline plates. Its taſte is very ſtrongly 

ſour. Seven grains of the concrete oxalic acid are ſufficient 

to communicate a ſenſible acidity to two pounds of water 
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A ſingle grain of this ſalt, is ſufficient to communicate to BOOK v. 
3600 grains of water, the property of reddening paper >*<7- — 
tinctured with turnſole. Expoſed to a moderate heat, this 
acid becomes dry, is covered over with a thick cruſt, is in 
a ſhort time reduced to a powder, and loſes of its weight. 
Diſtillation by a ſtronger, yet not a very violent heat, li- 
quiſies it, embrowns it, partly affords from it an acidulous 
phlegm, and ſublimates it in part, unaltered. At the ſame 
time is diſengaged from it, a gas containing a mixture of 
carbonic acid with gas hydrogen. Expoſed to a more vio- 
lent heat, this oXAL1C cin affords a larger proportion of 
gas, a ſmaller proportion of ſublimated, concrete acid, a 
larger proportion of acidulous phlegm, incapable of cryſ- 
tallization, and leaves at the bottom of the retort, a grey 
or brown maſs amounting to % of the whole quantity of 
acid employed. Put upon a burning coal in the open air, 
OXALIC ACID emits a very acrid white ſmoke, by which 
the lungs are irritated in a very lively manner. The reſi- 
due which it leaves in this laſt proceſs, is white, without 
any mixture of carbonaceous matter, Expoſed to moiſ air, 
the concrete 0XALIC AciD becomes deliqueſcent. In dry 
air, it rather becomes more dry. Cold water diſſolves of it 
a quantity equal to more than half its own weight. The 
ſpecific gravity of the cold ſolution is, according to De 
Morveau-Guyton, 1, 593. No acid vapour ?rifes with the 
water of this ſolution, by either evaporation or ebullition. 
Boiling water diſſolves of this acid, a quantity equal to it- 
ſelf in weight : Of this, one-half is, by cooling, precipitated 
in cryſtals. | | 

The pure oxalic acid is uſed only in the laboratory. It is 
of all vegetable acids, the moſt oxigenated, and the leaſt 
decompoſable. | 


4. 
Its uſes. 
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SECTION THIRTEENTH. . 


OF GALLE, AND ITS IMMEDIATE COMPOUNDS. 


BOOK V. 
Sec. XIII. Ta huſks of nuts, the bark of the oak, and eſpecially 


uc nut-gall afford a ſubſtance which was formerly named 

Origin of the aſtringent principle, and which is alſo to be found in 

_ GALLIC various other vegetable matters. It has more recently been 
RINCIPLE, 

termed the Gallic Acid. It is the baſe which is in this ſub- 

ſtance combined with oxygen, to which we would give the 

name of GALLE. That baſe has not yet been obtained in 


a pure naked ſtate, detached from its oxygen But, ana- 


1yſis has diſcovered that this baſe alſo is not a pure, ſimple 

ſubſtance, but a compound of hydrogen with carbon, ſuch as 

might, with ſufficient propriety be named HYDRO-CARBON, 

This acid, the compound of this HYDRo-CaRBoN with 

Compal oxygen, is commonly obtained by macerating gens 6 in 
ACID. water. 


1. The GALLIC AC1D appears in the form of minute, grey 
_— or yellowiſh, needled cryſtals. Its taſte is four, ſtiptic, and 
tions of this aſtringent. Its infuſion reddens turnſole and blue paper. 
acid. The other acids diſſolve it. The auric acid changes its 

character to that of oxalic acid, probably by furniſhing it 
with additional oxygen. Heated in contact with air, the 
cryſtals of this acid ſwell up, are burnt, and leave a coaly 
reſidue which cannot be eaſily incinerated. Subjected to 
diſtillation by a gentle heat, this acid yields—as the firſt 
product, —a part of the acid in union with the water which 
it retained in its cyſtallization, then, a fublimate of un- 
decompoſed acid, in the form of filky cyſtals,—at laſt, and 
by the application of a ſtrong heat, a few drops of oil, with 

N - 
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Galle, and it; Compounds. 


4 portion of gas hydrogen, and carbonic acid gas. The e v. 
* GALLIC ACID is foluble in 24 times its own quantity of cold 


water, in 3 times its own quantity of boiling water. It 
precipitates moſt of the metals from their ſolutions ; and 
affords particularly with iron that uſeful precipitate--woriting 
ink. It is allo uſed in dyeing cloths of a black colour. The 
pure GALLIC ACID, if uſed in the preparation of ink, affords 
an ink, that is very black, very beautiful, and remains long 
unaltered. 

The illuſtrious 8Scuxxl x firſt invented that proceſs, —dif- 


ferent from mere maceration of the nut-gall in water, which secs 
affords this acid in its concrete and cryſtalline form. It is, obtaining 

as follows. Reduce a pound of nut-galls into powder; and the carte 
pour upon it ſix pounds of diſtilled water: Leave this mix- 


ture to macerate for the ſpace of 15 days at a temperature 
of —from 68® to 77% Then filter this liquor; and after 
the filtration, expoſe it in a veſſel of glaſs or ſtone-ware, to 
evaporate ſlowly in the air. During this evaporation which 
may be continued during 2 or 3 months, the pure acid will 
be depoſited in cryſtals, -on the fides and bottom of the 
veſſel, and on the inferior ſurface of a pellicle which will 
have ſettled over the mixture. At the end of this period, 


pour off the liquor. Then diſſolve in alcohol or ſpirit of 


wine, whatever remains in the veſſel. This laſt ſolution, 
evaporated, will afford the pure GALLIc AC1D in cryſtals. 
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CITRE; an 


oer, Tas acidity of lemon. juice is well known. Various at- 


Cure, and its Compounds. 


SECTION FOURTEENTH. 


OF CITRE, AND 1'Ts IMMEDIATE COMPOUNDS. 


tempts have been made to purify it, ſo that it might admit 
of being long preſerved in bottles for uſe. But the muci- 


alage which it in its natural ſtate, always contains in a great 


of the err. proportion; renders this exceedingly difficult. The pro- 


RIC Aci. 


ceſs by concentration with cold, has been adopted as the 


moſt common, and the moſt eaſily effectual. An improv- 


ed proceſs of this ſort, was deſcribed by M. Georgius in the 
Afts of the Academy of Stockbelm for the year 1774. This 
proceſs conſiſts chiefly in freeing the lemon-juice by con- 
gelation, from the aqueous and mucilaginous matter with 
which it is in its ordinary ſtate contaminated: And then 
in concentrating this purified juice by a new congelation ; 
till a drachm of it ſhall. be ſufficient to ſaturate 36 grains 
of potaſh. M. Dubuiſſon accompliſhed the ſame purifica- 
tion and concentration of lemon-juice by evaporation with 
a moderate heat, long continued. The mucilage was in 


this proceſs gradually ſeparated in the form of a cruſt and 


gelatinous flakes.— The acid liquid which remained, was 
concentrated, and was ſuſceptible of being long kept, with- 
out ſuffering alteration, in well ſtopped bottles. In the year 
1784,SCHEELE gave, in Crell's Chemical Journal, a proceſs for 
obtaining this acid in more perfect purity than it had been 
afforded in, by any former proceſs. This proceſs conſiſt- 
ed chiefly—in ſaturating boiling lemon-juice with chalk, 
—then, waſhing the precipitate, which was citrate of lime, 


in lukewarm water and next employing ſulphuric acid to 


detach 


Citre, and its Compounds. 143 


detach the lime, and 3 the crraic AciD naked and ſe- BOOK v. 


parate. It ſucceeds perfectly. —.— 
It is the baſe which is in this crraic Aci, combined 


with oxygen, that receives from us the name of c1TxE. Nature of 
It has never yet been obtained in an abſolutely naked ſtate, ax ciIx. 
But the decompoſition of the acid, has evinced the baſe to 

be a HYDRO-CARBONOUS compound. 

The crraic ACID having this origin, and being thus com- Qualities of 
pounded, is cryſtallized in rhomboidal plates; is ſubject tans CITRIC 
ſpontaneous decompoſition under the action of either fre 
or water; has a ſtrongly acid taſte; reddens all blue vege- 
table colours ; ſuffers no alteration from the influence of 
air. It is certainly one of the moſt powerful of all thoſe 
acids which are underſtood to be peculiar to vegetables. 

It has powers of action upon the earths, alkalis, and me- 
tals, which will be hereafter explained. The crTRrIC acid 
is uſed in various preparations for the table. It is employ- 


ed in medicine, as cooling, temperating, antiſeptic, antiſcor- - 


butic, diuretic. It is ſometimes applied as a gentle eſcharotic 
to {corbutic ulcers, eruptions of the itch, and ſpots on the 


{kin. * Concentrated by the proper proceſſes, it is very ad- 
vantageouſly uſed in long ſea-voyages. | | 
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SECTION FIFTEENTH. 


OF MALLE, AND ITS IMMEDIATE COMPOUND. 


Sect. XV. ſure, a ſour juice; which, if ſaturated with potaſh, mixed with 
a ſolution of acetife of (rad, precipitated from this mixture in 

Origin of combination with the lead, and in this form treated with 

— fulphuric acid; at faſt affords pure MaLre ac in a ſe- 
parate and liquid ſtate. The baſe of this acid, a compound 
of hydrogen with carbon, is the ſubſtance to which we 
here give the name of MaLLE. 

2. tube pure MALA zei is cafily deſtructible by the action 
Charadterof  67e 5 Which converts it into carbonic-acid-gas, inter- 
acid. mingled with gas- hydrogen. It is the oxygen of the-MaLic 

ACID whith is combined with the carbon, in the new-form- 
ed carbonic acid. The nitric acid, yieling its oxygen to 
the baſe of the malic acid, thus alters the proportions be- 
tween that baſe and the acidifying principle, and converts 
the MaLIC into oxalic acm. The pure MALIC ACID is not 
cryſtallizable. With earths, alkalis, and metals, the MAaL1c 
acid forms peculiar neutral ſalts. Its contributing to the 
formation of theſe, is its principal diſlinctive property. 
SCHEELE found this MALIC ac almoſt pure, or at leaſt 
mixed with but a little citric acid, in the juice of apples, of 
the barberry, of alder-twigs, of the floe-thorn, of the 
. forb-tree, of the plum- tree; in gooſe-berries, cherries, ſtraw- 
berrics, raſp-berries, &c. 


SECT- 
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SECTION SIXTEENTH. 


OF BENZOF, AND 1TS IMMEDIATE COMPOUNDS, 
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Fron 4 fragrant reſin, named Bentoin, which India ſends pook v. 
us, from other vegetable products named Storax, balſam of Skc. XVI. 
Peru, vanilla, cinnamon, W obtain by ſublimation with a 2. 
gentle heat, by heating it with water, and by a new pro- — 
ceſs, the invention of SCHEELE, an acid which is known in 
chemiſtry by the name of the Bexzorc acm. The HrpRo- 
CARBONOUS baſe of this acid, is what we here term BEN» 

ZOE. 

The proceſs of ScugrLe employs lime- water as its prin-,, % _ 
cipal medium. Slake four ounces of quicklime with twelve obtaining 
ounces of water. When the edullition has ceaſed, add n 0e 
eight pounds more of water. Mix by agitation, fix ounces 
of this Iime-witer with one pound of benzoin in powder. 

Then add all the remainder of your lime- water to the mix- 
ture. Expoſe it for half an hour, under inceſſant agitation, . 
to the action of a gentle heat. Then leave it for feveral 
hours to cool and ſettle, undiſturbed. Decant off the clear 
ſuper-natant liquor. Boil the reſidue for half an hour with 
eight pounds of additional water. After ſubſidence and 
decantation, add alſo this ſecond quantity to the clear fluid 
of the- firſt boiling. Let the reſidue be again repeatedly 
boiled ; and add the decanted lixivia to thoſe formerly de- 
canted off and ſet apart. Evaporate the whole liquor to 
the weight of only two pounds. Suffer the remainder to 
cool, Then drop in, with conſtant ſtirring, muriatic acid, 
till a precipitate ſhall ceaſe to be produced, or till the maſs 
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146 Benxoe, and its Compounds. 


BOOK v. c. Subſequent edulcoration ; ſolution in five or ſix 
SEC. XVI. 0 . * 1 41 . 
times its weight of boiling water; filtration; and flow cool- 


ing; will preſent this acip in its moſt perfect cryſtalline 
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form. | 

8 In this concrete form, the BENZOIC ACID appears in cryſ- 

c the nxxzorc talline compreſſed priſms. It yields to heat with an aro- 
1 ACID, matic odour. It is fuſible by a gentle heat. It is volatile; 
"Fg but not readily ſoluble in cold water ; ſoluble, but not de- 
13 | compoſable in nitric acid. Its taſte is pungent, hot, and 
"vt acid. It communicates an high red colour to tincture of 
$ ; turnſole. The concentrated ſulphuric acid diſſolves it with 
Zu eaſe, and without either noiſe or heat z but paſſes itſelf in 
Th conſequence of this reaction, into the ſtate of /ulphureous a- 
. cid. Water again ſeparates the BzNzoic AciD unaltered 
* from the ſulphureous acid. Expoſed to intenſe heat, the 
4 & BENZOIC ACID evaporates without inflammation. Air ſeems 
J to have no power of action upon this acid; for a quantity 
3 of it remained ſtill very pure, after being preſerved for a- 
Ft; bout twenty years in a glaſs veſſel. 400 grains of cold wa- 


ter diſſolve but one grain of B8Nzorc aciD: But, of boil- 
ing water 24 parts will diſſolye 1 part of this acid. 
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Pyro-Ligne, and its Ctmfounds. 147 


SECTION SEVENTEENTH. 


OF PYRO-LIGNE, AND ITS IMMEDIATE COMPOUNDS. 


Brecu, birch, box trees, and other timber, afford by diſ- BOOK v. 
- Sec. XVII. 


tillation a peculiar acid. That acid ſeems to owe its ori- 
gin in part to the action of fire; and is, therefore, named . 
the PTR0-LIGNEOUS AciD. To its HYDRO-CARBONOUS baſe ufd of 
we give the name of PYRO-LIGNE. : Ne. 

| Boerhaave was not unacquainted with this acid. But, its 
nature was firſt tolerably explained by AH. Goettling, in a 
memoir publiſhed in the year 1779, in CrelPs Chemical Jour- 
nal. By diſtillation of the bark of the birch-tree in an iron 
retort, Goetling obtained a brown, oily, acid product. This 
he left to ſettle for three months. At the end of that 
time, filtration was employed to ſeparate ſome ſmall por- 
tion of oil which had been developed. The filtered li- 
quor, then, being ſaturated with potaſh, and evaporated, 
afforded a black ſalt; which a ſecond ſolution, and then a 
ſccond evaporation, reduced into the ſtate of tolerably pure 
PYRO-LIGNEOUS ACID. 'The chemilts of the Academy of 
Sciences of Dijon extracted the PYRo-LIGNEOUS ACID by diſ- 
tillation from beech-wood ; and afterwards rectiſied the li- 
quid product. 55 Ounces of thavings of the dried wood, 
afforded 17 ounces of rectified acid. The hydro-carbonous 
baſe of this acid, thus obtained, is the principle which we 
call PYRO-LIGNE. 

This acid cannot be obtained in a concrete form. It is Character 
of an amber colour. Its gravity is to that of diſtilled wa- of vr a- 
ter in the proportion of 4y to 48. Expoſed to a gentle ls. 72 
heat, it is made to aſcend in vapours. A ſtrong heat de- 
compoſes this, as well as the other vegetable acids. 
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148 5 Pyro. Muce, and its Compounds. 


SECTION EIGHTEENTH. 


OF PYRO MUCE, AND irs IMMEDIATE COMPOUNDS. 


BOOK V. 33 ſaccharine, gummy, farinaceous mucilages, ſub- 
S. XVIII. jected to diſtillation, afford an acid phlegm, which is in 
ao ern chemiſtry, denominated the yYRo-MUCOUSs ACID. 
Origin of The baſe of this acid is merely an hydro-carbonous compaund. 
rrR0 MUCE. We give it the name of PYRO-MUCE. This acid phlegm 

is ſuſceptible of a rectification with clay, which affords it 

in a clearer and leſs empyreumatic ſtate, than that in which 
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it appeared at the firſt. 
: 5 + , This ac does not preſent itſelf in a cryſtallized form, 
5 | omen but may be concentrated by a congelation which ſhall con- 


82 


vert its aqueous part into ice. It has an agreeable odour 
of caramel. It reddens blue vegetable colours; and where 
it falls upon the ſkin, occaſions a red ſpot. Intenſe heat 
applied to it in a diſtillation cautiouſly managed in cloſe 
veſſels, decompoſes it into carbonic acid gas and gas-hy- 
drogen. 
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| Camphore, and its Compounds. | 149 


OF. CAMPHORE, AND 1TS IMMEDIATE COMPOUNDS, 


F ROM. A variety of vegetables, but eſpecially from a parti. „oO . 


cular ſpecies of bay- trees, growing in China, in Japan, in — 
the iſles of Borneo, Sunatra, Ceylon, &c. is obtained a ſub- er 


ſtance named cameaoR which is much uſed in medicine, cauruonr. 


and which chemiſts ſuppoſe to be an immediate principle 
of vegetables. Nitric acid diſtilled eight times ſucceſſively 
with this ſubſtance, produces a peculiar acid. To the baſe 
which is, in this peculiar acid, combined with oxygen, we 
may give the denomination, of caurHORE. It is merely an 
hygro-cartoneus. compound. 

This CAMPHORIC ACID, thus obtained, * ieſelf i in chara der of 
parallelipiped cryſtals ; is bitter to the taſte z and is capable ne, — 
of communicating a red colour to tincture of violets and cio. 
turnſole. It forms peculiar neutral ſalts with the earths, 
alkalis, and metals. It is, as yet, but very imperfectly 


known. 
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156 | Cortice, and its Compounds. 


SECTION TWENTIETH. 


OF CORTICE, AND 1Ts IMMEDIATE COMPOUNDS. 


- the year 1787, it was diſcovered 1 by M. Brugnatelli, that 
2 a quantity of cork on which had been diſtilled four times 
1 4 80 its own weight of nitric acid, afforded a yellowiſh thick 
Origin of matter of a peculiar acid character. The baſe which was, 
coxTics, in that matter, acidified by oxygen, may be denomina- 
ted cox Trick. It is ue but an hydro-carbonous com- 

pound. 
" This cox ric ACID is incapable of cryſtallization; has a 
Nature of ſour, or rather a bitter taſte ; when evaporated by a ſtrong 
_ heat, takes the form of a viſcid maſs, like wax, and ſo ſoft, 
: that it may be moulded with the fingers. On burning 
coals, it is itſelf reduced to a coal, without inflamma- 

tion, 
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Latte, and its Compounds. | | 151 


SECTION TWENTY FIRST. 


OF LACTE, AND irs IMMEDIATE COMPOUNDS. 


Tas is obtained, as is well known, from mill and whey, Ti 
a ſour ſubſtance which chemiſts have, with great propriety, Ly 
denominated the LacTIc aciD. This acid is obtained by Origia * 
evaporating the whey, after filtration, to + part of its ori- lac. 
ginal quantity; precipitating the reſidue with lime- water; 

diluting the ſuper-natant fluid with three times its own 

weight of witer; precipitating the lime from this diluted 

liquor, by oxalic acid ; evaporating the purified liquor to 

the conſiſtency of honey; and then, by means of pure ar- 

dent ſpirit detaching from this ſubſtance, the LacTic ac; 

which will deſert whatever other ſubſtances may yet remain 

with it, and will combine alone with the ardent ſpirit. The 

decanted ſolution being anew diluted with water, and heated, 

will loſe the ardent ſpirit by its flying rapidly off into the 

air, ſo that the pure Lacric Aci will now remain, alone, 

diſſolved in the water. a. 

To the acidifiable baſe of this LacTic aciÞ, we give then 1 
name of LacTE. It is not ſimple. It is moſt probably a 
compound of hydrogen, carbon, and azote. 3. 

The Lacric ActD is not cryſtallizable. It attracts moiſ- . » 
ture from the atmoſphere. It is decompoſable by diſtilla- 2. 
tion. It forms peculiar deliqueſcent ſalts with the earths 
and alkalis. | | 
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152 Sacc ho. Lacte, and its Compounds. 


SECTION TWENTY SECOND. 


or uecno. rar, AXD ITS IMMEDIATE COMPOUNDS. 


BOOK V. hi HE whey of ſweet milk, affords by —— cl 
Se. XXII. of evaporation and clarification, a ſubſtance named ſugar of 

ox will, which is commonly manufactured in Switzerland. 
Origia of This ſubſtance, like common ſugar, when heated with ni- 
2 tric acid, affords a new product of oxalic acid. But, the 
reſidue of ſagar of milk from which oxalic acid has thus 

been obtained, if farther diluted in water, ard then filter- 

ed, leaves upon the filter a white powder which is found to 

poſſeſs all the properties of a new and peculiar acid. The 

compound baſe of this acid, is—saccho-LAc Tx. 

2. The saccho-Lacric 4cip thus obtained, never appears 
Nature of in the cryſtalline form. It deliqueſces, if expoſed to the 
LACTEACLD, free acceſs of the open air, It is not eafily ſoluble. Its 

taſte is almoſt inſipid. Fire decompoſes it; and it then 
aftords a ſublimate, having the mixed odour of benzoin and 


amber,—a brown liquor not of an oleagineous character, 


and a reſidue of carbonaceous matter in the retort. Dur- 
ing the proceſs, there is alſo a diſengagement of both gas- 
hydrogen and carbonic acid gos. An ounce of boiling water 
diflolves only fix grains of SACCHO-LACTIC ACID: And even 
of this portion diſſolved, there is + part precipitated by 
cooling. | 
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Forme, and its Compounds. 1.53 


SECTION TWENTY THIRD. 


OF FORME, 4ND ITS IMMEDIATE COMPOUNDS. 


Aus, and eſpecially the great ant, Formica Rufa, afford nook v. 


cither by diſtillation in a retort, or by lixiviation with boil- S. XXIII 


ing water, —a peculiar acid. To the compound bale of” © 

this acid, we give the name of FoRME. | — of 
The ronuic cin, even in the living inſet, communi- 2. 

cates a red colour to the blue flowers of vegetables. It is 1 nne 

evolved in a ſtrongly odorate vapour. Its ſmell reſembles ac. 

that of muſk. In this gazeous form, it is fatal to animal 

life. It may, however, be adapted to the fame domeſtic 

uſes, as vinegar. It attracts oxygen from the oxygenated” 

muriatic acid. It is often ſtronger than ſulphuric acid. 

Intenſe heat decompoſes it. This decompoſition yields the 

new products of carbonic acid gas, gat hydrogen, and ſome 

other matters. It forms with the earths, alkalis, and me- 


tals, peculiar, cryſtallizable, ang non-deliqueſcent, neutral 


: falts. 
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Pruſſe, and its Com- ounds: 


SECTION TWENTY FOURTH. 
or PRUSSE, AND 1TS IMMEDIATE COMPOUNDS, 


ox v I RON and various animal matters,—particularly bullock's 
Se. XXIV. blood, the hair, horns, hide, and hoofs of animals, afford 
WT "gg a lengthened and complex proceſs, which we ſhall elſe- 
Origin of Where deſcribe, a blue ſubitance which, from its having been 
oe. firſt manufactured in Pruſſia, has been denominated yrus- 
- SIAN BLUE. The reſearches particularly of ScHEELE, and of 
the chemiſts of the Sch of Lavoisitn, have at laſt ſhown, 
that the principle to which the formation of this blue col- 
ouring matter is to be aſcribed, deſerves to be regarded as 
a peculiar acid, This acid is now known by the name of 
the yRUSSIC AciD. We have therefore attributed to its 
compound baſe, the denomination of PRUssk. 

fs The rxussic AciD is remarkable for a fœtid, noxious 
nga! ſmell. It is eafily decompoſed by intenſe heat; yielding, 
ACID, in the decompoſition, ammoniac, with other ſubſtances. 
It is reducible to a gazeous ſtate. It may be, at any time, 
formed by the combination of hydrogen, carbon, azote, 
and oxygen in the due proportions. The proportion of 
oxygen which it ordinarily contains, ſeems to be very ſmall. 
It is capable of detaching oxygen from the oxygenated 
muriatic acid. In conſequence of being thus ſuper-oxy- 
genated, it ſuffers a great change of character. Its taſte, 
in its ordinary ſtate of oxygenation, is but faintly acid. Ex- 
poſure to light, in its ſuper-oxygenated ſtate, renders it in- 
capable of combination with oxyd of iron, or with water. 
An addition of more oxygen to it, after this combination 
has been attempted in vain, cauſes it to cryſtallize in ſmall 

white needles, 
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Sebace, and its Compounds. 155 
SECTION TWENTY FIFTH: 
OF SEBACE, AND ITS IMMEDIATE COMPOUNDS. 


[ris well known that bothanimal bodies and even the vege- OS 
table kingdom, afford in abundance, a ſubſtance diſtinguiſh- CyaYJ 
ed by the name of rar. This ſubſtance yields by diſtillation . — * 
a peculiar acid, to which has been given the name of the ae. 
SEBACIC aciD. The compound baſe of this acid, may be 
denominated sEBace. There is alſo another proceſs for 
procuring the acid, in which lime is employed in a complex 
and lengthened proceſs of ſolution, evaporation, filtration, 
calcination, that at laſt gives the szBAcic Aci in ſufficient 
purity. | 

This acid, thus obtained, is liquid, fuming, of a pene= . 
trating ſmell, decompoſable by fire. The action of fire, eee 
produces from it hydrogen, carbonic acid gas, and azote in cin. 
due proportions. Its colour is white. Its taſte is pun» 
gent. With the earths and alkalis, it forms cryſtallizable 
and fixed neutral ſalts. Blue colours are ſtrongly reddened 


by it. Water diſſolves it in all proportions. 
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| Lithe, and its Compounds. 


SECTION TWENTY SIXTH. * 


OF LITHE, AND 1TS IMMEDIATE COMPOUNDS. 


— — Par the fone found, in diſeaſe, in the human bladder, 


- contains a peculiar acid ſubſtance, is a diſcovery for which 
OQrigio of we are indebted to the great Swediſh. chemiſt, SeuzyL. 


| rus. This matter forming the. fone or calculus, is to be found in 


all urine. It is by an undue retention of the calculous 

matter, that the ftony concretion comes to be formed in 

the bladder. The compound baſe of this, acid, may be do- 

3. nominated LITHE. | 

— The Lrrhic Aci is—dry ; cryſtallized in flat needles; 
ACID. almoſt inſipid and inſoluble ; in part, volatile; decompoſ- 
able by intenſe heat ; ſubject to afford upon its decompoſi- 

tion by Gre, an ammoniacal carbonate, and pruſſic acid. 
With the nitric acid, it forms a, beautiful red ſolution; 

and is entirely diſſolved with the difengagement- of nitrous 


gas and carbonic acid. It forms peculiar neutral ſalts with 
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Bombe, and its Compounds. = Is7 
SECTION TWENTY SEVENTH. 
OF BOMBE, AND * IMMEDIATE COMPOUNDS, 


Tun filk-worm, particularly in the ſtate of a chryſalis, BOOK l. 
contains an acid liquor, in a cell near its anus. This acid 
was obtained by M. Chauffier of the academy of Dien am 
by ſqueezing the juice of the chryſalis through a cloth, nature of 
precipitating the mucilage with alcobol; and by infuſing 202% 224 
the chryſalis in alcohol. The baſe of this acid may beacid. 
named BOMBE ; and is, no doubt, a compound. The Bow 

Bic ACID appears in a liquid form; is of an amber yellow 

colour; is liable to ſpontaneous decompoſition ; and affords * 
pruflic acid, when diſtilled, or treated with nitric acid, 

Its combinations are little known, 


1 —— — — — 
The METALLIC ACIDS are, for an obvious reaſon, re- 


ſerved to be treated of in their proper place, among the 
7-5 
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18 & Principal Facts reſpefling Acids. 


SECTION TWENTY EIGHTH. 


- RECAPITULATION OF THE PRINCIPAL FACTS IN_ THE GENE+« 
RAL CHARACTER OF THE ACIDS, 


Fe W. have now enumerated and deſcribed in particular 
a) detail, all the known AcipiFiaBLE Basts. Although 
. theſe be not all elementary and ſimple ſubſtances ; yet there 
Review of, g 8 0 
the general is among them ſo ſtrong an analogy in a great variety of dif- 
— 7 ferent reſpects ; that we were unavoidably led to conſider 
propoſed. the compound acidifiable baſes in the fame ſeries with 
thoſe which are ſtill regarded as fimple. The Acts are 
almoſt the only immediate compounds of theſe different 
acidifiable baſes, which we have, as yet, had occation to 
examine. But, the Acips hold a fignally eminent place 
among the ſubjects of chemical art and ſcience, It may 
be proper, ere we conclude this book, yet to review the 
leading facts in the general character of theſe remarkable 
ſubſtances. 


2. I. The firſt fact that ſtrikes our notice, while we enter 


| Diſcovery upon this review, is, that theſe acids which chemiſtry 
compound not long fince ſuppoſed to be all s1npLE ſubſtances : Have 


been, by the diſcoveries of LavoisiER, aſcertained to be, 
in all but the three inſtances of the muriatic, the fluoric, 
and the boracic acids, undeniably courounDs. Even in 
theſe three inſtances, analogy, nay, in the caſe of the oxy- 
genated muriatic acid, more than analogy, leads us to infer 
2 nature ſimilarly compound, although we have not yet 
been able to ſeparate the component principles from one 
another. The knowledge which the modern chemical 
diſcoveries have conferred, of the compound nature of the 

acids, 
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acids, carries us into a deeper inſight into the ſecrets of BOOK . 


nature; renders chemiſtry more philoſophical, by unfoldi 8 


to the ſpeculative chemiſt's view, a much wider concatena- 
tion of cauſes and effects, than he could before diſcern ; 
and confers new powers upon the art of the practical che- 
miſt, by enabling him to procure the aciDs by many new 
methods, of the bare poſſibility of which he was, before, 
ignorant, 

II. The next thing particularly worthy of our obſerva-,, fur 
tion, is, that, theſe acips all agree in two or three obvioustaſte, and 
and ſimple properties, beſide that of their recently diſco-Fc1den blue 
vered compound character. They all communicate a RED vegetable 
TINGE to blue vegetable colours, and affect the organs of EPA 
taſte with that ſenſation which is called s0UR. "Theſe are 
the qualities which in all the ſtages of the progreſs of 
chemical ſcience, procured ſuch of the acids as were 
known, to be ranked in one general claſs. Theſe are pro- 
perties diſcernible by the vulgar, no leſs than by the philo- 
ſophical chemiſt. Scarcely any two of the acids, indeed, 
agree ſo far as to poſſeſs theſe properties preciſely in the 
ſame degree, But, the different ſhades of variation which 
diſcriminate theſe properties from one another in different 
acids, ſerve but to mark inferior genera, ſpecies, or varie- 
ties, not to conſtitute widely diſagreeing claſſes. 

III. Another general property of theſe acids, which in- 4. 
deed has not hitherto forced itſelf particularly upon ourinto the 
attention, is that of forming by combination with the — 1 
earths, alkalis, and metals, that multitude of ſubſtances ſalts. 
which are known by the name of NEUTRAL saLTs. When 
we ſhall have conſidered the very extenſive number of 
theſe ſubſtances ; and ſhall reflect, how little thoſe who 
firſt attempted ſcientific chemiſtry could know of their 


mutual 
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BOOK V. en! relations; we ſhall no longer wonder at the abſur- 


S. XXVIII. 


A lity of thoſe theories, at the unmeaning intricacy and te- 


diouſneſs of thoſe proceſſes, at the wildnefs of thoſe vain 

dreams of imagination, which appear in the writings of the 

more ancient chemiſts. To them, the chemical world 

muſt have appeared a chaos in which an endleſs multitude 

of unallied ſubſtances were confounded together; while 

they were ſo utterly unpractiſed in it, that their viſion 

could not yet give them juſt notions of the diſtances, the 

colours, the relative magnitudes of the forms before them. 

They \ Lem VIV. They agree alſo in owing, all, their acidification to 
acidified by the ſame common principle, ox nN. The exiſtence of this 


ben principle is the diſcovery of Lavorsren. Its preſence has been 


| fatisfaQorily traced by analyſis in all but the three acids of 
unknown baſes. In theſe, it may be fairly inferred from 
the analogy of their other qualities. As far as any acidi- 
frable bafe requires OXYGEN to its complete, primary ſatura- 


tion; ſo far does the addition of this fubſtance appear ſtill 
to increaſe the ſtrength of the qualities of the acid. But, 


in the caſes of ſuperſaturation, the addition of oxYGEN is 

fometimes rather unfavourable to the force of the peculiar- 

Iy acid qualities of the acid. The diſengagement of oxr- 

GEN by combuſtion ; its exiſtence in watet, in vital air, in 
all burnt bodies not yet reſtored to their former ſtate z its 
continual evolution or fixation in many of the great pro- 
eeſſes of nature; open to us new views of the relations and 
the ordinary natural origin of acids, as welt as of the grand 
and the fecret operations of nature. 

8 8 3 V. The difcovery of the compoſition of the baſes of fo 
many of thofe cms which we obtain chiefly from the ani- 


many of 


_ are mal and the vegetable kingdoms ; has alfo contributed 


pounds 
des mightily to render our ideas of the origin of compound 


— bodies 
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i j i ically 1 BOOK V. 
bodies much more beautifully and philoſopbically fimple BORN: 


than before. Seven of the Acips, which are obtained 


chiefly from animal ſubſtances,—the lactic, the ſaccho-lac- 


tic, the ſebacic, the lithic, the formic, the bombic, the 


pruſſic acid, have baſes compounded of carbon, hydrogen, 
and azote. The ſuccinic, the citric, the gallic, the malic, 
the benzoic, the tartareous, the oxalic, the camphoric, the 
pyrotartareous, the pyromucous, the pyroligneous, the 
acetous acids; TWELVE in number; have baſes which ap- 
pear to be compounded of hydrogen and carbon. The 
muriatic, the fluoric, the boracic acids have, in combina- 
tion with oxygen, baſes of which we know not yet the ul- 
timate nature; whether they be compound or ſimple; or 
whether they may be entirely ſeparated from the acidify- 
ing principle. The ſulphuric, the ſulphureous, the nitric, 
the nitrous, the carbonic, the phoſphoric, the phoſpho- 
rous ; and three metallic acids which we are hereafter to 
examine; have baſes which we have obtained ſeparate, 
and know to be ſimple ſubſtances. As it is from the ana- 
logy of the decompoſable acids, that we conclude thoſe 
which we have not yet been able to decompoſe, to be aci- 
dified by oxigen: So from the analogy of thoſe of which 
the baſes are known to be compounds, we may perhaps 
reaſonably infer, the poſſibility of thoſe baſes being hereaf- 
ter decompoſed, which are now imagined to be fimple. It 
is not impoſſible but chemiſts may yet diſcover all the acid 
baſes to be but ſo many compounds of azote, carbon, and 
hydrogen, in different proportions and modifications. Per- 


haps even carbon may be at length decompoſed. This 
poſſibility opens a fine field for chemical reſearch. If che- 


miſts reflect upon the advantages to the arts, and to the 
common utilities of life, which have ariſen from the diſco- 
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2 bt very of the compound nature of the acids, of water, and 
— of the gaſes; they will be induced to conſider this poſſible 
diſcovery of the compoſition of the acid baſes, as pregnant 
alſo with the moſt important benefits to mankind ; and 


will not fail to purſue with ardour an object of ſuch inte- 


reſting magnitude, The animal and vegetable acids being 


obtained with greater difficulty, and through proceſſes 
much more complex, than thoſe others which are uſually 
denominated the mineral acids ; are, in the courſe of our 
proceſſes neceſſarily ſubjected to a greater variety of ſuch 
influences as might be ſuppoſed naturally capable of ſug- 
geſting to us the means of analyſing them. Nature ap- 
pears to employ finer, more delicate, and more complex 

proceſſes, in producing, ſuſtaining, and diſſolving animal 
and vegetable bodies, than are neceſſary to be employed in 
accompliſhing thoſe changes to which the parts of inani- 
mate nature are ſubje&t: And hence is it, perhaps, that in 
animal and vegetable matters we find ſubſtances in a ſtate of 
decompoſition, which, if we had viewed them only in the 
air, the earth, or ſeas, we ſhould have thought . 
of being farther ſimplified. 


Remarkable VI. It is impoſſible to remark theſe general facts con- 


© wiſdom and cerning Ac1ps and their elements, without being urged to 


Eifplayed in reflect, that the wiſdom and the awful power of the Au- 

the laws thor of nature, are more intereſtingly and more aſtoniſh- 

gion, k che ingly illuſtrated by chemiſtry, than perhaps by any others 

acids, of the phænomena of nature which vulgar or even philo- 
ſophical curioſity has yet obſerved. We now ſee a delica- 
cy, a fineneſs, an elegance, a wonderful artifice in the groſ- 
ſeſt, and, at a careleſs view, the moſt unintereſting of natural 
changes on the material world, ſuch as are not excelled by 
thoſe to which we had excluſively referred all beauty, ſub- 
limity, and order, 
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ELEMENTS or CHEMISTRY. | 


BOOK SIXTH. 


F THE EARTHS, THE ALKALIS, AND THEIR NEUTRAL 
COMPOUNDS. | 


— — 
SECTION FIRST. 


OF SILICE AND ITS COMPOUNDS, 


tual combinations, thoſe compounds which are named SECT 
ACIDS 3 We now proceed to another claſs of natural bodies, . 
which are alſo for the moſt part ſimple; and which enter- Tt — 
ing into combination with the acids, thus form thoſe new merated. 
compounds which are diſtinguiſhed as NEUTRAL SALTS. 


They are STLIck, Al 
Soda, Ammoniac, 


the ſimplicity may be more queſtionable. 
The earths gre diſtinguiſhed from the alkalis, chiefly as * 
being ſuſceptible of lapideous aggregation, as being nearly properties 


to a diſtinct and always diſcernible cryſtallization. 


as being leſs ve ſubject than concrete acids and Alkalis 
L2 SILICE 


From ſimple ſubſtances capable of forming, by their mu- Book v1. "as 
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164 | Silice, and its Comfounds. 


el VI. SILICE i is the firſt of theſe terrene ſubſlances, which we 
3 ſhall conũder. This earth is rough to the touch; ſcratch- 
3. es and wears down metals; is infuſible and incombuſtible ; 
rn . is inſoluble in water, and in all acids, except the fluoric, 
and perhaps the ſebacic; is ſoluble by alkalis, when expoſed 

in contact with them, to the action of an intenſe heat; 

forms, in conſequence of this ſolution, a well known glaſs. 

This earth has never yet been either We or im 


tated. 
4. SILICE enters into the compoſition of very many of 
— ge is thoſe ſtones which fall to be examined by the mineralogiſt. 
nature. Quartz, flint, agate, jaſper, grit-ſtone, and all ſcintillating 
ſtones, have $1LIce for their baſe, and accordingly afford it 
in great abundance; It is often broken down into ſand on 


the channels of rivers, and on the ſea-ſhore. It is often 


ſcattered in a powder in the ſoil which forms the exte- 
rior ſtrata of the earth. It is applied in art to a multi- 
tude of uſes. Glaſs, cements, porcelain are manufactured 


of ſiliceous earth reduced by alkalis to a running ſtate. 


Mill-ſtones are cut out of rocks which have + SILICE for 
their baſe. 

. We know, however, of no neutral ſalts into the compo- 
— ſition of which siLIck enters properly as a baſe. Thoſe 
unknown. compounds which may ſeem to be produced between s1- 

LICE and the fluoric acid, are rather mixtures than combi- 
nations. The earth is merely ſuſpended in the acid. 
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Alumin, and its Compountls. 


SECTION SECOND: 
or ALUMIN, AND ITS COMPOUNDS. 
3 ALouin is ſoft to the touch of the finger; adheres 
to the tongue; hardens in the fire; forms a paſte with 


water. It is ſuſceptible of combination with moſt acids. 
It dries into flakes. Mixed with water and filice, it aſſumes, 


165 


BOOK VL 
Sect. II. 


Nature of 
pure ALVs 


in the mixture, extraordinary hardneſs. It is contained in wx, 


a large proportion in common clays, in pipe-earth, in ſchiſ- 
tus, in ſteatites, and in a great diverſity of ſtones. In 


many of the arts, it is uſed, as a ſubſtance adapted to 


receive and retain any artificial form, which may be baked 
by the fire, and which is fitted to reſiſt the penetration of 


water, Its intricate nature, or component principles, are 
unknown. It has been by ſome regarded as filice altered, 
divided, and moulded down by the action of air and water. 
With the acids, it is known to form more than twenty 
ſpecies of NEUTRAL $4LTs. All theſe ſpecies have a ſour! 
aſtringent taſte. _ 
I. The firſt of theſe ſpecies of the neutral falts, formed 
by the combination of 4LUMIN with the acids, is Aluminous 
Sulphate, Sulphate of Alumin, or Alum, 

This neutral falt is formed by the combination of aLu= 
MIN with ſu/phuric acid. Applied to the tongue, this ſalt 
affects the organs with a taſte that is, at firſt, ſweetiſh, but 


Number of 


its neutral 


compounds. 


Qualities 


aud hiſtory 
ofs Lennart 
of ALUMIN. 


is afterwards felt to be ſtrongly aſtringent. It reddens blue 


paper; a fact which ſhe vs it to contain ſtil a portion of the 
acid, unſaturated with alumin. 


I: is capable of a regular, 


cryſtalliaed form. Nature rarely preſents it pure Mine- 
L3 ralogiſts 
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Alumin, 1, and in Compound 


2 we ralogiſts indeed enumerate ſeveral ſpecies of native alum ; 


——— as ſolid alum, cryſtallized alum, alum in effloreſcence, 


4. 
Proceſſes 


for its ma 


nufacture. 


white, grey, brown, and black aluminous earths, and alu- 
minous ſchiſti. In commerce, we meet with Reck-alum, ſo 
called from the city of Rocca, otherwiſe Edeſſa, in which 
the moſt ancient manufacture of this ſalt was eſtabliſhed ; 
with Roman alum from the territory of Civita Vecchia; 


with Neapolitan alum which is extracted at Solfatara from 


a particular earth; with atom of Smyrna, at which place 
once exiſted very ancient mihufaftories of this neutral 
ſalt; and with Britiſh alum. Alum has been manufactur- 
ed in Germany from the year 1544; and is extracted from 


different earths and ſtones, It appears from the reſearch- 


es of the learned Beckman, to have been firſt manufactur- 


ed by the people of the Eaſt. The Italians took a leaſe 


of the manufactories of alum in the neighbourhood of 
Conſtantinople. About the year 1459 Bartholomew Per- 
dix or Pernix diſcoveret! a mine of this falt in Iftria. 
Nearly about the fame time, John de Caſtro found ano- 
ther at Tolfa. The importation of alum from the Eaſt, 
was prohibited by Pope Pius the Second; and a great 
many manufactories of alum were ſoon eſtabliſhed in Italy. 
About the beginning of the ſeventeenth century, this ma- 
nufacture paſſed into Spain, Germany, England, and Swe- 
den. 

ALOUMINovs SULPHATE is prepared by various proceſſes. 


From ores of alum in which the neutral falt exiſts ready 
formed, it may be obtained by lixiviation alone, From 


ores which contain only the component principle of this 


falt, it is not to be obtained by fo fimple a proceſs. M. 


Chaptal relates, that, he has been accuſtomed, in his own 
manuiactory of atum,—to ſpread his clays, previouſly cal- 
| cined 


SEES SS or. 


its 


24 
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eined and reduced to ſmall pieces, over the floors of the BOOK VI. 


leaden chambers in which the work is carried on, — to ap- 
ply to them in this ſtate, ſulphurie acid gas, obtained by 
the combuſtion of ſulphur with ſalt-petre,—then to await 
the action of the acid upon the clay, which is in this cafe 
more powerful than if the acid had been diluted in water. 
All the common operations of this manufacture, in which 
the neutral ſalt is extracted from pyritical earths and ſtones, 
may be reduced tothis formz--the decompoſition of the mine- 
ral ſpontaneouſly in the open air, or elſe by fire; the lixivia- 
tion of the product obtained by theſe proceſſes; - the eva- 
poration of the lixivium in leaden cauldrons to the point 
of ſaturation ;—the refrigeration of the concentrated lixi- 
vium in coolers, till be fixed in tetrahedral pyramids, join- 
ed together, by two and two, at the baſes. Alum manu- 
factured by the direct combination of the ſulphuric acid 
with clay, is always more or leſs impregnated with iron. 

AL UN Noos SULPHATE, in a regular cryſtalline form, is 


Sect. II. 


eo 
More parti« 


a perfect octohædron, conſiſting of two tetrahedral pyra- jar ded. 


mids, the baſes of which are united. A gentle heat lique-friprion — 


fies this ſalt; cauſing a good deal of aqueous vapours then 
exhale from it. The alum then ſwells into a large, light 
maſs, rough, and full of cavities over all its ſurface. Un- 
der this operation it has loſt half its weight. Diſſolved in 
water, it affords a precipitate of a ſmall portion of earth. 
At the temperature of 60, sULPHATE OF ALUM is ſoluble 
in 15 times its weight of water. At higher temperatures, 
a much ſmaller proportion of water will be ſufficient. In 
its burnt ſtate, it is called calcined alum ; and it may be 
reſtored to its former condition by reſtoring the water of 
cryſtallization which hath been expelled out of it. 


to qualities. 


6. 


Re- action of 


Silice effects no diſcernible alteration on $ULPHATE — 
ALUMIN. it, | 
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| BOOK VI. United with a larger proportion of ALUMIN than it or- 
Scr. II. 

33 dinarily contains, this aLUMINOUS SULPHATE will aſſume the 
| tee eng.. characteriſtie properties of common clay. To ſuperſaturate 
| e, e alum with ALUMIN, boil a ſolution of the ſalt with a por- 

— ALv- tion of the pure earth. The mixture, under this heat, 

will loſe its ſtiptic taſte, Evaporated, this mixture affords 
ſplangles of a micaceous appearance. A lixivium of this 
mixture, yielded within a few months, by expoſure to 
the air, very regular, cubic cryſtals. Alum once ſaturated 
with ALUMIN, can never again be reduced to the ſtate of 
pure alum. | 

1 The ſulphuric acid eaſily diſſolves ALUMIN, in order to 

rated the compoſition of this ſalt, only when the aLUMIN is cool 


folution of and wet. When the ALUMIN is dry, the ſolution does 


alumin in 
* acid. not take place, without conſiderable difficulty. 
"SRC poſi- SULPHATE OF ALUMIN, if expoſed to fire with combuſti- 


tion of the ble matters, forms a ſubſtance which kindles to flame in 


e 
* : Ne Y — 
- . 4 = 
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— — 2 


” — 


* 


— the air, and is called Homberg's pyrophorus. The produc- 
es tion of this matter, was the reſult of a long ſeries of expe- 


riments, by which Homberg hoped to obtain from the hu- 
man fæces, a white oil that ſhould fix mercury into fine 
filver. It has ſince been aſcertained, that this pyropho- 
rus may be formed with alum, from various animal and 
vegetable ſubſtances, and even from moſt ſalts which 
contain ſulphuric acid. Le Jay de Suvigny has ſuggeſt- 
ed, that this pyrophorus probably contains glacial oil of 
witriol; and that this oil attrafting moiſture from the at- 
moſphere, and gradually heating the maſs, kindles the ſul- 
phur and occations a ſpontaneous evaporation. The pyro- 
plorus is uſually prepared by melting three parts of alum 
with one part of ſugar, honey, or meal, in an iron ladle. 
The mixture is dried till it becomes blackiſh, and ceaſes to 
ſwell 


e 


. 4 W 


* 
„ 


n oe 
4 04> 


tas „ „ 


7 


LO ns * a. * „ 


8 w 


9 1 i. 2 
PP 
* - 


Alumin, and its Compounds. 


well. It is chen broken in pieces, and put into a mattraſs BOOK VI. 
or phial luted with earth. This veſſel is to be put into a 223 


crucible containing ſand; and heat muſt be applied till a 
bluciſh flame be ſeen to iſſue from the mouth of the phial. 
After it has been ſeen to burn for a few moments, the 
crucible is removed from the fire, Its contents are left to 
cool; and the pyrophorus is then to be poured into a 
dry flaſk very cloſely ſtopped. Thus prepared, the pyro- 
phorus may be preſerved, to be at any time kindled by ex- 
poſure to the atmoſphere. Humid vapour, when preſent, 
is found to hinder the inflammation of this pyrophorus. M. 
PzovsT, in a ſeries of recent experiments communicated to 
the world in the Journal de Medicine for the year 1778, has diſ- 
covered that all ſubſtances containing an intermixture of car- 
bon with an earth or metallic oxyde, and ſubject to leave up- 
on diſtillation, a reſidue of theſe matters, may be brought to 
ſpontaneous inflammation in the air. Mr BzwLy in a let- 


ter, addreſſed to Dr Prieſtley, aſeribes the inflammation of 


pyrophorus, to its containing a ſubſtance capable of attrac- 
ting nitric acid from the atmoſphere. In the Fournal de 


Phyſeque for November 1780, it is ſuggeſted that the com- 


buſtion of this pyrophorus, is owing to its containing al- 

ways a proportion of phoſphorus. n 
Theſe theories of the combuſtibility of pyrophori have 

given ſatisfaction to no philoſophical chemiſts. A rational 


ed. The following is the reſult of my experiments, obſerva- 
tions, and reflections upon this ſubject. PreopH0R7 burn in 
the air by ſpontanevus inflammation ; becauſe they contain a x- 
TURE of thoſe COMBUSTIBLE MATTERS which are the egfi- 
eft brought into ordinary combustion with ether ſubflances con- 
taining in a boſe fiate of combination, that OXYGEN which muſt 


| of the com- 
account of the relations upon which it depends, is ſtill want- buſtion of 
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BOOK VI. in every procęſi of combuſtin, enter into a new combination with 


Dr 


| — le the burning body.—In the caſes of ordinary inflammation and 


combuſtion, the body to be burnt, muff be heated up to a burning 
temperature, before the combuſtion will commence ; becauſe the 
oxydable particles in it, are cloſely aggregated together, or are in- 
volued among particles of incombuflible matter, fo that they re- 
guire to be penetrated by caloric, and to be encompaſſed each by a 
fort of atmoſphere of this ſubſtance, brfore their oxydation can ac- 
tually begin; becauſe, alfo, there ſeems to be neceſſary, A Sf 
OF SUPERSATURATION OF GAS-OXYGEN WITH LIGHT 
AND CALORIC, not unlike to the ſuper-oxygenation of the cxy- 
genated muriatic acid, IN ORDER THAT GAS-OXYGEN MAY 
BECOME SUSCEPTIBLE OF DECOMPOSITION BY ORD T- 
NARY COMBUSTION; WHICH TT 13 NOT, UNLESS 
WHEN THUS SUPER-CALORATED.—But, in the caſe of the 
inflammation of pyrephori ; the combuſtible ſubſtance. muſt be 
pure, and muſt not have its parts flrongly aggregated together ; 

the oxygen muff be brought near to it, in ſome intermingled oxyd 
very eaſily reducible ; or if there be no oxydated ſubflance actuaſ l 


Preſent in the pyrophorous mixture, —rthere muft at leaft be preſent 
one or another of thoſe matters which have the firongeft tendency - 


to artract oxygen from the atmoſphere : Theſe acids in which the 
oxygen is the leaſt teneciouſly combined, will ſerve in this mixture 


at leaſt as well as any metallic oxyd.—All theſe advantages in 


favour of the combuſſion of the pyrophorus, are more than ade» 
guate to the different advantages applied in ordinary combuſtion 
by a heightened temperature, and by the pouring on of powerful 
currents of air.—T his account of what takes place in the combuſ- 
tion of theſe pyrophori, is ſufficient to ſolve every difficulty. It 
explains the combuſtion of all the different ſorts of pyrophori which 
have ever been prepared. It explains equally the combuſtion of 
PHOSPHORUS, and of GAS-HYDRYGEN in the atmoſphere. Ii 
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Amin, and iti Compounds. 17t 
is applicable to all theſe combuſtion: and inflammations «which takt BOOK VI. 


place, without requirimg the atmoſphere of the mutual contact of, SECT, II. ; 


the combuſtible body and the oxygen, to be faiſed above its ordinary EY 
temperature. BY | 


SULPHATE OF ALUMIN is applicable to many ufeful pur- n bf 8 


poſes in the arts. In medicine, it is uſed both internally Pate of ar 
and externally, as an aftringent, a ſtiptic, a powerful defic=- 
cative, in gargles, plaiſters, collyria, &c. In the arts, few 
ſaline matters are more uſeful than this. Chandlers mix 
it with their tallow, to render that ſubſtance more ſolid 
and conſiſtent. Printers rub their balls with calcined alum, 
to make them take up the ink. Wood impregnated 
with a ſolution of alum, will ſcarcely burn. Bleachers uſe 
alum to purify muddy water. Alum is uſed in the manu- 
fafture of leather. Cloth and paper on which figures are 
to be impreſſed, muſt firſt be impregnated with alum. A 
ſolution of alum retards the putrefaction of animal ſubſtan- 
ces; and may therefore be very properly uſed in preſerving 
the ſpecimens of natural hiſtory. SULPHATE OF Au 
may be faid to be the very ſoul of the art of dyeing. Tt 
makes colours deeper and brighter, and confers fixedneſs 
upon the particles of colouring matters. Withont the help 
of alum, no colour could be permanent or proof againſt 
water. It is employed alſo in the preparation of a glue for 
the deſtruction of inſets. It is uſed by the bakers of Bri- 
tain to improve the whiteneſs, and augment the weight of 
II. The ſecond of thoſe ſpecies of NEUTRAL $aLTs, which itt of 
have ALUMIN for their baſe, is NITRATE OF ALUMIN. alumin. 
nitric acid diſſolves ALuulx. The ſolution is limpid, and 
much more aſtringent than a ſolution of alum. It gives by 
ſpontaneous evaporation, cryſtals of a pyramidal form, ſtip- 
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2 Wh tic, and extremely liable to deliquiate. 'Theſe are decompo» 
ble by the ſame ſubſtances which decompoſe ſulphate of 
alumin. This ſalt has not yet been found in nature z but is 


always a product of art. 
13. III. MuriaTE oF ALUMIN, is the third of the ſpecies of 


MNMuriate of 


alumin Neutral ſalts, into the compoſition of which this earth is 
known to enter. The ſolution of aLUMIN in muriatic acid, 
when the ſubſtances are mutually ſaturated, is gelatinous, 
and not ſuſceptible of being filtered, unleſs it be very large- 
ly diluted in water. Its taſte is ſtiptic and ſaline, It firſt 
| reddens ſyrup of violets; and then converts the red colour 
to a green. By ſpontaneous evaporation, it affords highly 
ſtiptic cryſtals, of which the form has not yet been examin- 
ed, and which are decompoſable by lime-water. MuriaTE 
OF ALUMIN is apt to deliquiate, Its other properties are 
unknown. It has never yet been inen, but by the ma- 

| nipulations of art. 
Borat of IV. BokATE or ALUMIN is 2 neutral ſalt which has not 


— yet been particularly examined. A ſolution of borate of ſo- 


da, poured into a ſolution of ſulphate of alumin, produces a 
light, flaky precipitate : And amid the changes which then 
take place, the earth combines with the boracic acid. This 
borate may be decompoſed in the ſame manner as common 
alum. 
Fluate of V. FLUATE OF ALUWIN, the fifth of thoſe neutral falts 
alumin. which have ALUMIN for their baſe, is a ſalt artificially form- 
ed, and of a gelatinous conſiſtency. 


: VI. CARBONATE OF ALUMIN has been, as yet, but very 
I 


. little examined. But, when a ſolution of ALM is pre- 


of alumin. cipitated by the alkaline carbonates; the filtrated liquor, 
after ſome time, depoſites a little earth which was held in 
ſolution by the carbonic acid, and is now left in a ſeparate 

ſtate 
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Kate by the gradual eſcape of the acid. When the mattersB 


are cold, this precipitation takes place, without any effer- 
veſcence ; and a part of the carbonic acid ſeparated by the 
alkali, appears to enter into combination with the 4LUMIN, 
while another part is diſſolved in the liquor. It ſhould 
ſcem, that CARBONATE OF ALUMIN is not unfrequently to 
be met with in nature; for, there are different argillaceous 
earths which when diſſolved in ſulphuric ar muriatic acid, 
never fail to efferveſce. Beſides, lac luna is certainly a 
CARBONATE OF ALUMIN. = 

VII. SuccinaTs or ALUMIN, is a neutral ſalt in cryſtals, 


175 


OOK VI. 
Sect, II. 


* ww 


? Other alu- 


formed by the combination of alumin with the ſuccinic acid. minous 
VIII. Acxrrræ or ALUMIN, is the neutral ſalt 7 


by the union of this earth with the acetous acid: And i is, / 


by ſome chemiſts, repreſented as a whitiſh, non-cryſtalliz iza- 
ble maſs, eaſily formed, in conſiderable quantity; by others, 
as a combination which takes place but {paringly, and ex- 
hibits itſelf in ſmall needled cryſtals. | 

IX. TarTArITE OF ALUMIN, the neutral ſalt produced 
by alumin brought into union with tartareous acid, is by 
the evaporation of the acid ſolution, obtained in a non-de- 
liqueſcent ſubſtance of a clear, gummy conſiſtency. 


X. PyRO-TARTARITE OF ALUMIN, is a neutral ſalt which | 


has not yet been examined. 

XI. OXALaTE or ALUMIN, is obtained by diſſolving this 
earth with oxalic acid. The n if evaporated, affords 
a deliqueſcent maſs, 

XII. GaLLATE OF ALUMIN, is as yet unknown. 

XIII. CrTRATE or ALUMIN, is a neutral ſalt, not yet 
particularly known. 

XIV. MAaLaTE or AaLUMIN, is a neutral ſalt formed by 
the combination of alumin with the malic acid, and not 
cally ſoluble. 1 

XV. 


„ 

* 
2 
x * 


* „ 
7 » S 


— 
— ——ñ—ĩ 
- 4 : . 4 
= = = 
, 


>» 6 


— — ————_ i. o 
: . 


* 
—— 2 vo 2 


Fx = <g 


RPO io gw ye ROE ˙—[H— TIRE 


: = 
= 
— -- - —< — — a of 


- e 
+ 7 * * 
=. 1 „ 0 1 0 « "=, 
—— — 
— /» * I - CY 


g— 


wo. 
. 


— . * . 4 


— 


- a 
» 


c OO UN ERIE; 
ER 
2 — 


— — 2 ˖—³06ẽĩ 


— 


OI OO — — —_ 
2 


E4＋—4— 


C — — 
1 TY 


Alumin, and its Compounds, 


BOOK VI. XV. 3 OF ALUNIN, is a neutral ſalt that has 
— been, as yet, but little examined. 


XVI. OF PYRo0-LIGNITE OF ALUMIN, the properties have 
not yet. been minutely enquired into, 

XVII. Prro-MUcITE or 4LUNIN, is a neutral ſalt form- 
ed by the union of aluminous earth with that pyro-mucous 
acid, which we obtain by the diſtillation of mucilages, and 
the rectification of the product with clay. Its properties 
are little known, 

XVIII. CamProRATE OF ALUMIN, is unknown. 

XX LacTars or ALUMIN, is a deliqueſcent neutral 
falt, the reſult of the combination of aluminous earth with 
the lactic acid. 

RY. SAcciHo-LACTATE OF ALUMIN, is a neutral falt inſo- 
luble in water, which we obtain by combining aluminous 
earth with the acid of ſugar of milk, 

XXI. FoxMiaTE OF ALUMIN, is a peculiar compound 
formed by combining aluminous earth with formic acid. 

XXII. PRussiarE OF ALUMIN, is unknown. 

XXIII. SEBATE OF ALUMIN, is equally unknown. 

XXIV. LirHRIATE OF ALUMIN, is alſo unknown. 

XXV. BoMBIATE OF ALUMIN, is an unknown ſalt. 

XXVI. CorTaTE or 4LUMIN, is a deliqueſcent neutral 
ſalt formed by the union of alumin with the certic acid or 
acid of cork. 

XXVII. PHosPHATE OF ALUMIN, is the neutral ſalt re- 
ſulting from that combination of alumin with phoſphoric 
acid, which is readily effected in the dry way, 

So much for this fimple earth, and for thoſe neutral ſalts 
which are in part, compounded of it. 
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SECTION THIRD. 


OF Barr, AND ITS COMPOUNDS, 


Bazrr has acquired its name from its extraordinary — 
cific gravity. It was firſt diſcovered by the Swediſh che. 
miſts Gan, SCHEELE, and BerGMan. Its ſpecific gra- 

: n what ſtate 
vity is, according to Kirwan, ſomewhat more than 4, ooo, n1cyr ex- 


that is, it is ſomewhat more than four times as heavy as an ran ua. 


equal meaſure of water. Nature preſents it in conſiderable 
abundance z no where, pure; always in combination with 
acids, or in admixture with other earths. Its properties in 
a pure ſolitary ſtate, have been, as yet, much leſs ſtudied, 
than the qualities of its compounds. Its chemical attrac- 
tions, and the ſalts which it forms by combination with a- 
cids, are very remarkable, | 


Pure BaRYT obtained, by a proper proceſs, from its na- Mays q— 
. : ar A 
tural compounds, appears in a pulverulent form, very fine count of its 
and white. It does not affect the tongue with any diſcerni- qualities. 


ble taſte. Whether or not it be alterable by light, is not 
yet known. If heated in a crucible of clay, it will commu- 
nicate to the crucible, a blue or greeniſh colour; aſſuming 
itſelf a flighter tinge of the ſame. This phznomenon may 
ariſe from its power of reaction upon alumin. M. D'Ar- 


CET fays, that it is fuſible by a very violent heat: M. La- 


VOISIER fuſed BaRrrtT in a few ſeconds, by a flame fed with 
gas-oxygen. Yet, in both theſe cafes, the naxvr uſed, 
may perhaps have been more or lefs impure: for the Swediſh 
chemiſts have declared it to be wholly infuſible. By expoſure 
to the air, BAaRYT ſlowly gains a ſmall acceſſion of weight, 
900 Parts of water diſſolve 1 part of BakxyT : and the wa- 

| ter 
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3 ter which is thus ſaturated, gives a pale green colour to the 
> tinfture of violets, mallows, or radiſhes. The ſolution, if 
expoſed to the air, is covered with a thin pellicle ; and af- 
ter the removal of this pellicle, by another. Evaporated 
in cloſe veſſels, the ſolution affords a reſidue of paryrt. 
This earth acts, either in the humid or the dry way, 
but very feebly, upon Silice, or Alumin. It, however, 
facilitates the fuſion of theſe earths. By ſome modern 
chemiſts, BARYT is ſuppoſed to be a compound ſub- 
Nance, and actually a metallic oxyde. Its intimate nature 
is however, unknown. M. Fourcror ſuſpects it to be a 
compound of gas-azote with ſome other ſubſtance. Solu- 
tions of BARYT in water and in acids, are uſed as re- agents. 
3. It is not, in its pure ſtate, applied to any other uſes. 
2 Baxvr forms by its combinations with acids, the follow- 
ed with it. ener 
ST fively examined, | 
| Origin of I. SULPHATE OF BARYT is nnd alſo ponderous ſpar. 
8 It is rather a product of nature, than a compound of art. 
It is almoſt always found with metallic ores. It appears 
either in cryſtals or in ſhapeleſs maſſes, but always in ſtra- 
ta of various extent and thickneſs. Six principal varieties 
of it have been particularly enumerated and defcribed. It 
is ſometimes cryſtallized in fix-fided priſms, terminating in 
dihzdral ſummits ; two of the ſides being very large, four 
very ſmall : Theſe cryſtals are diſpoſed in a oblique poſ- 
ture, and are often covered with yellowiſh rhomboidal 
cryſtals. They have the appearance of oblong ſquare 
plates, of which the ſides have been cut aſlant. Some- 
times theſe plates have not their ſides cut obliquely ; are not 
regularly cryſtallized ; are incruſted with a red pyritical or 
filvery matter. In other inſtances, this native SULPHATE OF 
|  BanrT 
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BARYT appears in converging filaments united into laminz, BOOK VI. 
which are arranged, one over another : And of this fort, -., 
is the well known phoſphoric variety of Bologna Stone. It 
appears alſo in octohædral cryſtals like thoſe of alum ; hay- 
ing the ſummits of the pyramids, often truncated ſo as to 
form a decahzdral figure. Sometimes it exhibits a duo- 
decahædral cryſtallization, like that of certain garnets, and 
ſome pyritous ſtones. There is a ſo a pyramidal variety of 
this SULPHATE oF BakYT. But, it muſt be confeſſed, that 
the repreſentations of chemical mineralogiſts are ſo diſcor- 
dant, as to ſhe that they are, as yet, but very imperfectly 
acquainted with the native varieties of this ſalt. That va- 
riety which is diſtinguiſhed by the appellation of the Bolog- 
na flone has long been particularly noticed for its quality of 
_ emitting a lively blueiſh light in the dark, after having been 
for a while heated in the fire, But all the varieties of Bakr- 

TIC SULPHATz, are now known to poſſeſa the ſame pro- 
| SULPHATE OF BARYT is uſually prepared by the follow- Proceſs for 
ing proceſs, for exhibiting in the dark the illumination of Boteana 
the Bologna flene. It is made red-hot in a crucible, is beaten x. 
in a mortar to a powder, is formed into a paſte with gum - 
tragacanth, and is then divided.into cakes of the thickneſs 
of the blade of a knife. Theſe cakes are then expoſed to 
violent calcination in a furnace; the aſhes are blown off 
vith a pair of bellows; the cakes are ſubjected for a few 
minutes to the action of the light; and after this, they may 
be perceived to ſhine in the dark, and even in water, like 
a burning coal. But, this abſorption of light, without fixing 
it in permanent combination, is common to theſe with many 
other ſubſtances. BaryTic $sULPKATE® ſuffers no laſting 
alteration by the action of caleric upon it. 
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BOOK VI. In water this falt is abſolutely inſoluble. The earthy 
( — and the ſalino- terrene matters have no power of action up- 
6. on it. Ihe mineral acids accompliſh no alteration upon 


Relations of. 


sol rua rr it. Carbon, mixed with this fait in the proportion of one 
or BARYT part to eight; expoſed with it in this ſtate for the ſpace of 


to other 


ſubſtances. two or three hours to the action of a ſtrong heat; and 


then poured into diſtilled water; will immediately after this 
laſt event, communicate to the fluid, a yellow colour, with 

all the qualities of a ſolution of an earthy ſulabure, that is, 

of a mixture of ſulphur with earth, without the interven- 

tion of an acid. This ſulphur is formed by the carbon at- 
tracting away under the influence of the furnace-heat, 

that oxygen by which the ſulphur was acidified in the $UL- 
HATE OF BAkYT in the mixture. The proceſs may be 
contained by the intermediation of other ſalts, till it ſhall 

at laſt afford the pure BAK Y TIC EARTH in a ſeparate ſtate, 
There is another proceſs for the decompoſition of -$UL- 
PHATE OF BAKYT, which ſhall be hereafter deſcribed. As 

to the uſes of BaRYTIC SULPHATE in the arts: phoſphoric 
cakes are prepared from it; and the BarrT which it con- 
tains, is extracted for the uſe of the chemical laboratory. 

= II. NirzaTE OF BARYT has been formed by the ready 
NiTzaTE combination of BARYT with 7itric acid. The reſult of this 
on 04% combination is a neutral ſalt, which we with great difficulty 
obtain in large hexagonal cryſtals, or according to M. 

D' Arcet in {mall irregular cryſtals. This ſalt is decompoſa- 

ble by fire, which makes it to evolve gas-OXygen., It at- 
tracts the moiſture of the atmoſphere; yet requires a large 
proportion of water to maintain it in ſolution. Sulphuric 

acid poured into a ſolution of nARY TIC NITRATE, produces 
from it a precipitate of barytic ſulphate, The fluoric acid, 

too, robs this neutral ſalt of its baſe. Neither alumin, nor 

5 | the 
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che other earths, nor the alkalis, decompoſe this ſalt. Its BOOK VT. 

properties and relations are ſtill but imperfectly known. 1 
III. MuztaTE or BAxYT 1s a neutral falt which may be 

obtained in oblong ſquare tables, reſembling thoſe of pon- deut. 

derous ſpar in tables. It is not eaſily ſoluble; ſuffers no al- | 

teration from ſilice, alumin, magneita, or the alkalis. The 

ſulphuric and the fluoric acids decompoſe this falt, and 

combine with its baſe. By means of this ſalt, any portion, 

however ſmall, of ſulphuric acid, may be detected in any 

mineral water. All ſulphuric falts are liable to be decom- 

poſed by the preſence of even a few drops of a ſolution of 

this ſalt z which forms by the ſolution, ſulphate of baryt, in 

white ſtriated cryſtals. The attraction between /ulphuric 

acid and BarYT is the ſtrongeſt of all the attractions to 


which the acid is ſubject. 
IV. BoxATE or BArYT is a falt hitherto unexamined. gor g ,, 


BERGMAN accounts the attractions between BaxYT and be- Avr. 
racic acid to be the weakeſt of all the attractions to which 
this earth is ſubject. 

V. FLoaTE or BARYT is alſo but little imown. Bxaxc- roa FIN 
MAN, indeed, relates, that fuzric acid, if poured into a ſolu- Avr. 
tion of barytic nitrate or muriate, occaſions a precipitation; 
and the precipitate thus produced, etferveſces with the ſul- 
phuric acid, which expels from it, the fluoric. The fluoric 
acid, therefore, muſt form with BARI, a ſalt leſs ſoluble 
than either barytic mtrate or barytic muriate. 

VI. CarBoNATE OF BARYT is a ſalt which poſſeſſes ſome . py 2 
ſingular properties, and ſeems to bear a reſemblance tore os 
common chalk. BazyTic CaxeoNnATE has been found in 
nature, on Alſton-Moor in Cumberland, in the lead-mines 
of Angleſark near Chorley in Lancaſhire, in Argyleſhire, 
at Schlangenberg in Siberia, and in the pit of Vaactund 
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BOOK VI. near Freyberg in Saxony. We produce it artificially by 


Sect. III. 


9 with alkaline carbonates, any of the other 


barytic neutral ſalts. The new BaxyTIC CARBONATE gra- 
dually forms a pellicle on the ſurface of the ſolution; which 
will be found to efferveſce with acids, preciſely in the ſame 
manner as the pellicle which is formed upon the ſolution 
of lime. Expoſed to the action of fire, this CARBONATE OF 
Barr, gives out its acid, in its natural gazeous form. A 


very intenſe heat is, however, requiſite to expel the acid 


entirely. All thoſe acids which are ſuppoſed peculiar to the 


mineral kingdom of nature, decompoſe this ſalt, and diſ- 
engage the carbonic acid. A lively efferveſcence always 


accompanies this change. BREAGMAN reckons that 100 parts 
of CARBONATE OF BARYT, contain 27 parts of carbonic: acid 
gas, 65 of BakyT, and 8 of water. Water, if pure, will 
ſcarce diſſolve this ſalt; but when impregnated with car- 
bonic acid, diſſolves it in the proportion of 1 to 1550 parts. 
By this, indeed, it ſhould ſeem that CaxBoNATE OF BARYT 
is leſs eaſy of ſolution than pure BAY; for BezGmMan ſays, 
that water diffolves pure BaxrT in the proportion of 1 to 
yoo. BaryTIC CARBONATE has not been applied to any 


uſe in medicine or in the arts 


VII. ProsPHATs OF BARYT is a neutral ſalt, of which 
the properties are, as yet, but imperfectly known. 

VIII. SuccinaTE OF BARYT Is a ſalt of very difficult ſo- 
lubility. 

IX. AcETITs or BARYT preſents itſelf in a ſaline maſs ; 
unſuſceptible of cryſtallization ; and, when dry, apt to at- 
tract moiſture from the atmoſphere. | 

X. Tax Trax ITE OF BARYT is a falt but little known. 

Xl. PyRO-TARTAKITE OF PARYT has not, as yet, been 


much examined. 


XII. 


ſo 
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XII. OxaLaTE or BARYT, is a ſalt ſcarcely ſoluble, un- BOOK VI. 
leſs with exceſs of acid. With exceſs of the acid, this ſalt (7, 
affords cryſtals, which, when that exceſs is taken up by 
boiling water, become opake, pulverulent, and inſoluble, 

XIII. GALLATE OF BARYT is a ſoluble ſalt, which has 
not, as yet, been very attentively examined. 

XIV. CITRATE OF DART, the combination of citric acid 
with this earth, has not yet been examined. 

XV. MarartE or BARYT is as yet unknown. 

XVI. Benzoarte oF BakrT is allo unknown. 

XVII. Prro-11GNiTs or BaxyT has not been examined. 

XVIII. Prro-Mucirs or BaryT is a compound of un- 
known qualities. | | 

XIX. Camprorats OF BARYT is unknown. 

XX. LacrartE oF BaxrrT is a deliqueſcent ſalt. 

XXI. SACCHO-LACTATE OF BaxyT is believed to be in- 
ſoluble in water. SE 

XXII. FoxMiartE os nanrrt is unknown. 

XXIII. Pausstare OF gaevr is as yet unknown. 

XXIV, Szezars OF BarrtT is unknbwn. 

XXV. LIrHIATE or B4xvT is unknown. 

XXVI. Bowmsriare OF naxrt is equally unknown, 

XXVII. CorraTz or aur is probably a deliqueſcent 
ſalt. 

Such are the moſt remarkable facts concerning naxrT 
and its compounds. 
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BOOK VI. 
SecT. IV. 


1. 


| Origin and 


nature of 
LIME. 


Lime, and its Compounds. 


SECTION FOURTH. 
OF LIME, AND ITS COMPOUNDS. 


Ewe is a white ſubſtance of confiderable aggregate con- 
ſiſtency. It is in the form of a grey-white ſtone. Its taſte 
is hot, acrid, urinous. Applied to the ſkin, it produces a 
degree of inflammation. Its common form in its pure 
ſtate, is pulverulent and friable. It is found in places con- 


tiguous to volcanoes, as for inſtance, on the hills of Au- 


vergne in France. It turns ſyrup of violets to a green 
colour much darker than that communicated by either ba- 
ryt or magneſia: a dirty yellow indeed, in a ſhort time ſuc- 
ceeds the original colour. In a ſolitary ſtate, LIME is in- 


capable of fuſion. On a ſupport of charcoal, it ſeems to 
have been brought by Parker's lens to the commencement 


of fuſion : And in a clay crucible, its edges ſometimes ap- 
pear to melt. The moiſture of the atmoſphere makes it 
gradually ſwell, break, and fall down in a powder. 'This 
dry-ſlaking, as it is called, produces an evolution of cals- 


ric; and is attended with a dilatation of the LIME, 


ſafficient to burſt thoſe caſks or other wooden veſſels 
in which it may be contained. Liu which has been thus 
ſlaked, affords water, when it is made red-hot in a retort. 
Water brought, in its liquid ſtate, into contact with L1ME, 
acts upon it very powerfully. A ſtrong heat is excited 
around the point of re- action: a remakable hifling is 
heard : at leaſt a part of the water is reduced to a vapour 


of a peculiar ſmell, which gives a green colour to paper 


tinged with mallows : the L1ME is quickly reduced to a 
powder: and the heat, motion, and ſmoke gradually diſ- 
mo appear. 


> 8 err, _ TE ĩ˙ v1 
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appear. The L1ME thus ſlaked certainly contains water, or BOOK. VL 


at leaſt one of the principles of water in a concrete form. 
Lime mixed with water in the proportion of 1 to 680 is 


maintained in a perfect ſolution, ſuch as is known by the 
appellation of lime ⁊vater, at the temperature of 609, This | 


ſolution is but very little heavier than common water, has 
an acrid urinous taſte, communicates a deep-green colour to 
ſyrup of violets; and even permanently alters the original 
colour of this matter. 
pure; and leaves the LIME in a refidue. Expoſure to the 


SECT. IV. 


Evaporation affords the water 


open air occaſions the gradual formation of a pellicle of 


carbonate of lime, upon any quantity of lime-water contained 
in a veſſel; Both in the humid and in the dry way, is 


LIME ſuſceptible of union with ſilice. This mixture, which 


is ſubject to many varieties; affords what is well-known 


Log” the appellation of mortar. Alumin in certain ſtates, 


may indeed be uſed to form a mortar with LIME, juſt as 
well as filice. LIE and lilice, although both infuſible ſe- 
parately, may, however, be brought into, fuſion, if they be 
heated together, as has been obſerved by Meſſrs D' Arcet 
and Gerhard. But a mixture of filice, alumin, and lime, 


all three together, melts yet more eaſily, and more com- 


pletely. Lime is generally believed to be in its origin, a 
preparation from the organic functions of marine animals. 
Azote is perhaps, if it be a compound, one of its conſtituent 
principles. In hot water LIME is 3 more ſoluble than in 


water of the common temperature of 60? Fahrenheit. 


A thouſand parts of L1ME are capable of diſſolving at the 
heat of 60% Fahrenheit, 228 parts of water. The ſpecific 
gravity of LIME is to that of water as 2720 to 1009,, In 
architecture for the compoſition of mortar; in medicine, 
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BOOK VT. in caſes of ulcer, &c. ; in agriculture, as a manbre 3 1h 
Sect. IV.. 
is very much uſed. 
ON The neutral ſalts into whoſe compoſition L I enters, : as 
DOE. a principle, are theſe; ſulphate of lime, nitrate of lime, 
arr. muriate of lime, borate of lime, fluate of lime, carbonate 
of lime, &c. &c. Moſt of theſe ſalts are in a greater or 


| ſmaller abundance found in nature. They may be pre- 


pared by art. | 
Natul af. I. SULPHATE or LIME is known alſo by the names of 
fords sur. ſelenite, plgſter, or gypſum. It is often found in ftrata of a 


PHATE OF 


zo great extent. Whole mountains are indeed compoſed of 
this matter, with a ſtratification of aluminons or argilla- 
ceous marle, covering it. Naturaliſts have diſtinguiſhed 
many varieties of it. It is found in tranſparent rhomboidal 
plates, like ice. It appears in arrow-heads, confiſting of 
two ſcalene triangles joined together. It exiſts in decahæ- 
dral rhomboids, in hexahzdral prifms, in lenticalar cryſtals 
of the figure of a cock's comb, in a ſilky gypſum of China 
and other places, in the common greyifh white plaſter 
ſtone ſpangled with ſmall ſparkling cryftals, in a gypſeous 
alabaſter of ſmall layers half- tranſparent, in a gypſum re- 
markable as being coloured, veined, ſpotted, clouded and 
punctured. It is ſometimes found in ſolution in the wa- 
ter of wells. It ſeems to be formed in nature by the gra- 80 
dual decompoſition of pyrites, which affords ſulphuric acid 
capable of remaining in ſolutiom in water, till it can be 

conveyed into contact with Ling. 
4 This sULPHATE or LIME, by expoſure to the action of 
wes fire, loſes the water of its cryſtals. Suddenly expoſed to a 
ſtrong heat, it decrepitates, aſſumes a rough white appear- 
a: ance, and becomes friable. Mixed with water, it is wrought 
? eaſily into a paſte of which very white and beautiful ſtatues 
* | are 
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Lime, and its Compounds, | 18 5 
are caſt in moulds. The long action of intenſe heat redu- BOOK VL 
ces SULPHATE OF LIME to a ſort of glaſs. A ſtream of vi- — 
tal air poured upon it with flame, by the blow- pipe, like- 
wiſe melts it. This and all other calcareous falts acquire 
a phoſphoreſeent power, when laid upon hot iron. From 
the action of the open air, it ſuffers no very obſervable al- 
teration; yet, in the atmoſphere, the ſparkling poliſhed 
plates of this ſalt loſe their luſtre, aſſume the variegated 
colours of the rainbow, ſplit into laminz, and at length 
waſte away. According to the chemiſts of Dijon, 500 
parts of water are requiſite to diffolve one part of CaLCa- 
REOUS SULPHATE. The evaporation of this ſolution, af- 
fords the ſalt in cryſtals reſembling thoſe of nature. Baryt 
having with the ſulfuric acid, a greater affinity than lime 
has, by conſequence decompoſes CALCAREOUS SULPHATE 3 
and a ſolution of baryt, if poured into water containing a 
portion of this ſalt, inſtantly forms ſtriz of barytic ſulfate. lt 
Carbon having a greater affinity with ox+gen, than ſul- 1 
phur; robs the ſulphuric acid of this part of its compoſi- "4 
tion ;; effects a conſequent diſengagement of carbonic acid; 
and leaves for the ſolid reſidue of a mixture of this carbon 
with ſulphate of lime, a compound matter; which conſiſts 
of 1iMs and ſulphur, and is accordingly to be denominated 
SULPHURE OF LIME. | 
As to the uſes of sULyPHaTE® of tl; theſe are nume- . 
rous and important, Its natural varieties form ſome tes 
the moſt ornamental ſpecimens in the mineralogiſt's cabinet. 
Various pieces of handſome furniture are formed out of 
alabaſter. Plafter-/one is burnt into lime with great utility. 
It forms an excellent manure, upon being reduced to 2 
powder. It may be applied alſo to other purpoſes. 
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BOOK VI. II. NiTRrATz or Ltur; the neutral ſalt reſulting from 
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the combination of lime with the nitric acid ; is alſo to be 
found in nature. It is formed on the ſides of walls, in pla- 
ces which are inhabited by animals; in putrefying animal 
matters; in fome mineral waters. It exiſts in large quan- 
tities in mother-water of ſaltpetre. Regularly cryſtallized, 
it exiſts in ſolid prilms, having ſix faces, and terminating 
in dihædral pyramids. It is more ordinarily obtained in 
ſmall needles, adhering together, and of an indeterminate 
form. Its taſte is bitter and diſagreeable. It eaſily lique- 
ſies in the fire, and becomes ſolid by cooling. After being 
heated, it ſhines with a phoſphoric light in the dark. On 
burning coals, it liquefies and detonizes flowly as it becomes 
dry. Long expoſed to the action of heat, it loſes its acid, 
which the heat decompoſes; The products of this opera- 
tion being collected, are found to be vital air, gas azote, 
and towards the end'of the operation—nitrous gas, with a 
ſolid reſidue of pure LIME. It eaſily attracts, and deliqui- 
ates by, the moiſture of the atmoſphere. 2 parts of water 
are ſufficient to diſſolve r part of NITRATE OF L1ME. This 
ſolution, evaporated to the conſiſtency of ſyrup, and then 
ſet aſide to cool, affords the ſalt in long priſmatic cryſtals, 
bundled together in needles diverging from à common 
centre. Leſs ſtrongly evaporated, but expoſed after the 
evaporation to a dry warm temperature, the ſolution would 
afford more regular cryſtals, like thoſe of nature. Silice 
and alumin attract away the acid from NITRATE, OF LIME. 
Baryt alſo decompoſes this ſalt. The ſuiphuric diſengages 
the nitric acid from this ſalt with efferveſcence ; affording 
a precipitate of ſulphate of lime, and leaving the nitric 
acid free in the ſupernatant liquor. Sulphate of lime, how- 
ever, effects no alteration on nitrate of lime. Even diſſolv- 

ed 
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ed in the ſame water, theſe two ſalts cryſtallize ſeparately. BOOK VI. 
Secr, IV. 
CaLlcaREOUS NITRATE is applied to no uſe, unleſs rips 
in medicine, as a diſcuſſive. f 
III. MourtaTE or Llur abounds in nature, wherever 5. 
muriate of ſoda i is formed. To ſea-water, it is this ſalt arp 
which communicates its acrid taſte. But, it is formed 
pure in nature. To obtain it pure, we muſt directly ſatu- 
rate muriatic acid with LiME. When dry and ſolid, it ap- 
pears in priſms with four ſtriated faces, terminating in ve- 
ry ſharp-pointed pyramids, Their taſte is ſaline, and very 
diſagreeably bitter. The water of their cryſtallization 
cauſes them to liquefy, when they are expoſed to a mode- 
rate heat; but the ſalt becomes again fixed by cooling. 
The acid is not expelled even by a more intenſe heat. But 
on a red-hot ſhovel the cryſtals of this ſalt become luminous 
in the dark. If expoſed to the air, MURIATE or LIME rapids 
ly attracts moiſture, and deliquiates. It muſt be kept in a 
carefully ſtopped veſſel, when we wiſh to preſerve it in its 
cryſtalline form. One pint and a half of water, are ſufficient 
to diſſolve one part of muriate of lime. If the water be hot, 
it wiil diſſolve a portion more than equal to itſelf in weight. 
This ſolution evaporated to the conſiſtency of a ſyrup, and 
then left to cool flowly, cryſtallizes in tetrah&dral priſms, 
each ſeveral inches long, diſpoſed in the order of radii di- 
verging from one common centre. 'Too much evaporated, 
or too haſtily cooled, it becomes a ſhapeleſs maſs, with 
ſharp points on the ſurface. Evaporated to 45? of Baume's ' 
areometer, and then expoſed to cold in a bottle, a ſolution 
of MURIATE OF LIME depoſites very regular, and often ve- 
ry large priſmatic cryſtals. - This ſolution, if ſhaken before 
it be cryſtallized, is ſuddenly formed into a very ſolid maſs, 
and gives out much heat at the inſtant of its aſſuming this 
new 
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BOOK h new form. Baryt decompoſes cal MURIATE, by 
wry, fetaching the acid. Calcanzous MURIATE, and calcareous” 
| nitrate, if diſſolved together in water; can ſcarcely be ſepa- 
rated, becauſe they are both cryſtallized by the ſame laws; 
MuRIAaTE or LIME has not yet been applied to many uſes 
in the arts of life. It exiſts in a large proportion, in a ſort 
of common ſalt that has been recommended in France, as 
a purging diſcuflive in ſcrophulous cafes. It is probable, 
that its effects might be beneficial in all diſtempers, in or- 
der to the cure of which; an alteration of the humours is 
remquiſite. J 
og IV. Bor4TE or LIME, the combination of the boracic-acid 
Borate of with LIME, has never yet been examined. But Lime de- 
compoſes borate of ſoda j and we know of courſe, that it 
muſt be ſuſceptible of combination with the boracic acid. 
The concrete boracic acid has been obſerved by the chemiſts | 
of Dijon, to afford, when treated in fire with flaked LI MR, 
' matter of which the parts have but à very flight mutual 
cohefion, and take no hold on the crucible; Mr Baume | 
obtained, by ſaturating boracic atid with me-wwater, and 
then evaporating the ſolution, yellowiſh pellicles having a 
faint taſte of the acid. A filtered ſolution of boracic acid 
with flaked lime, afforded to the academicians of Dijon, a 
_ copious white precipitate, by the re- agency of a fixed al- 
V. FLUATE oF LIME j the combination of the fuoric acid 
Fluate of ith L1ME; is abundantly diſperſed throughout the mineral 
kingdom of nature. It appears uſually in the form of very 
regular cubic cryſtals, of various colours, and of an icy or 
vitreous tranſparency. Its fracture is ſparry, and exhibits 
cubical plates appearing as if cracked at the ſurface. It is 
broken, when ſtruck againſt ſteel ; and is always found a- 
mong 
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mong mineral ores, ſerving to them as a bed or matris. BOOK VL 


It is ſometimes ſparry, and in irregular maſſes, It is ſome- 
times ſpotted, clouded, veined, and often green, red, roſe, 
or violet coloured, &c. Ten different remarkable varieties 
of it, have been particularly diſtinguiſhed by naturaliſts. 
Of theſe, eight are cubic, and diſtinguiſhed as being opaque 
or tranſparent, and as coloured white, yellow, reddiſh, 
green, or violet: One is in octohædral cryſtals : One in an 
irregular, lamellated maſs : One in layers of various thick- 
neſs, and various colours. England is very rich in caLca- 
REOUS FLUATES. Analyſed, theſe natural caLcareous FLU- 
ATe3 are uſually found to afford various other extraneous 
matters, ſuch as ilice, alumin, iron, with which they have 

Expoſed to moderate heat, this ſalt becomes phoſphoreſ- 
cent; but, if the heat be urged to intenſity, the phoſpho- 
reſcence ceaſes. This intenſe heat deſtroys its green or 
violet colour, and makes it grey and friable. Sudden ex- 
poſure to ſtrong heat, cauſes it to decrepitate. Thrown in 
2 powder, upon a red-hot iron, it gives a momentary, blue- 
iſh, or violet light. Expoſed a ſecond time to the ſame 


heat, it no longer exhibits the ſame phænomenon. A 


ſtrong heat melts it into a tranſparent uniform. In its fu- 
ſion, it will melt along with it, quartz equal to one-fourth 


of its own weight. It is inalterable by air, inſoluble in wa- 


ter. The concentrated fulphuric acid expels the fluoric 
acid from FLUATE OF LIMs. To accompliſh this, Put 
one part of powdered FLUATE OF LIME, With three parts 
of ſulphuric acid, together into a glaſs retort. Without the 
application of external heat, the mixture becomes gradually 
hot; an efferveſcence is produced; and fluor-acid-gas is 
developed: A part of the corroded ſilice of the retort is 

ſublimed 
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3 — ſublimed 3 in the acid gas but is ſoon precipitated by means 

— of water in the receiver. The nitric acid alſo decompoſes 

FLUATE OF LIME, but with phænomena which have not yet 

been obſerved with ſufficient accuracy, 'The muriatic acid 

is alſo ſaid to ſeparate the fuoric acid from this neutral ſalt. 

Fruarz or LIM may be employed as a * in melting 
mineral ores; or in aſſays. 

VI. CaRBONATE OF LIME is a ſubſtance exceedingly a- 
eee rr bundant in nature. It is found in many different forms of 
run. aggregation. All the ſhells of marine animals, are of this 

ſubſtance chiefly : Mountains of chalk, and the ſofter ſtra- 
ta of marle, have the ſame compoſition : All thoſe marbles 
of which the naturaliſt numbers ſo many different varieties, 


and which are accommodated to many uſeful and orna- 


mental purpoſes in the arts of life, are equally of calcare- 
ous carbonate : This ſubſtance is diſſolved in waters, and 
is depoſited from them in incruſtations, in ſtalactites, in 


ſtrata of alabaſter : All thoſe numerous varieties of ſparry 


cryſtallizations, which are known under the general appel- 


lation of calcareous ſpars, conſiſt of one or another of the 
calcareous neutral ſalts; and by far the n * of 
them are CALCAREOUS CARBONATES. 

The fact, that, in theſe bodies, lime is combined with an 
aerial and an acid ſubſtance, has become known to che- 
miſts, principally in conſequence of the experiments and 
diſcoveries of the illuſtrious BLAck. He firſt taught, and 

evinced by experiments the moſt ſatisfactory, that all the 
- earths and alkalis were ſubject to neutralization by a gaze- 
ous ſubſtance. The ſuſceptibility poſſeſſed by that ſub- 
ſtance, of exiſting now in a concrete, now in a gazeous form, 
naturally ſuggeſted, that, in its gazeous ſtate, it muſt owe its 
Expanſion to the preſence of a quantity of heat which did 

8 not 
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not then make itſelf perceptible to the ſenſes : and the — __ 
doctrine. of LATENT HEAT was of courſe ſuggeſted; to be 8 
afterwards modified into the LavoisixRIAN doctrine of ca- 
Lonic. A wide field of philoſophical ſcience was thus 
laid open. The nature of the gas extricable out of chalk 
and other eaxthy and alkaline ſubſtances, appeared from all 
its more conſiderable properties, to be different from common 
atmoſpheric air. This doctrine with which have concur- 
red the notions and experiments of PRIESTL AL and of 
the great Swedith chemiſts ; enlarged the minds of che- 
miſts in general to conceive the poſſibility of the exiſtence 
of a variety of different gaſes, and with it of the compound 
nature of thoſe gaſes. It is from the train of experiments 
and conjectures which were thus firſt encouraged and di- 
rected by the diſcoveries of BLack, that philoſophers have 
been gradually conducted to the knowledge; that Har 
never aſſumes thoſe modifications nor acts that part, which 
were formerly aſſigned to it under the name of phlogi/ton ; 
that, the atmoſphere is not a ſimple ſubſtance, but a mix- 
ture of aeri form compounds; that, the greater number of 
the different undecompounded ſubſtances in nature, are 
ſuſceptible of the gazeous form; that water, acids, gaſes, 
and many other ſubſtances once thought ſimple, are com- 
pounds: that heat or caloric, while diffuſed in ſuch abun- 
dance throughout nature in a free ſtate, exiſts perhaps in 
no leſs abundance in a combined ſtate, in almoſt all mat- 
ters, gazeous, liquid, or even ſolid.— This compound, then, 
of LIME' with carbonic acid, exiſting in nature in ſuch abun- 
dance, and under a diverſity of phyſical appearances, is to 
be beaten into a powder in order that we may examine its 
chemical qualities. It is, in this form, white and opake. 
Kept for ſome time in the mouth, it contracts the fibres of 
the 
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Fg the tongue and palate ; but has not otherwiſe any very ſen. 
>_/fible raſte. The action of fire expels the acids, and diffi. 
pates the water of cryſtallization. Diſtillation by a ſtrong 
beat, gives, in the receiver, the carbonic- acid- gas and the 
water; leaving the lime, as a reſidue in the retort. When 
ſtone retorts are uſed in this diſtillation, a part of the acid 
gas eſcapes through their ſides. An iron- retort is therefore 
to be prepared: But in this caſe, the action of the water 
on the iron, always affords, with the products of the cak- 
BONATE OF LIME, likewiſe a ſmall portion of gas- hydrogen. 
If expoſed to an intenſe heat in crucibles of clay, the clay 
acting as a fort of flux to the CakBoNATE or LIME, makes 
it to melt into a glaſs, around the ſides of the crucible, 
Pure air does not at all alter caxBonaTE oF LIuE. The 
rays of the ſun, acting upon it in a humid atmoſphere, are 
found to deſtroy its tranſparency, and the coheſion of its 
laminæe. Waters running over beds of cretaceous matter, 
ſuch as thoſe of Arcueil near Paris, and of San Philippo in 
Italy, contain cal. caxkous CARBONATE in ſolution. It is 
by depoſition from ſuch waters, that cretaceous incruſta- 
tions, ſtalactites, and ſtrata of alabaſter, are formed. Mix- 
ed with ſilice, in the proportion of 4 or 3, canBoNaTE or 
LIME, operates as- a flux to that pure earth. Neither 
baryt nor magneſia is capable of acting on CARBONATE or 
LIME in the humid way. A vitreous combination may be 
effected between CaLCaxEOUS CARXBONATE and theſe ſub- 
ſtances, by the intervention of a ſtrong heat. The ſul- 
ic, the nitric, the muriatic, and the fluoric acids de- 
compoſe this ſalt by expelling the carbonic-acid-gas, and 
combining with the baſe. An efferveſcence, and a ſenſible 
cold attend this decompoſition. The boracic acid alſo, mix- 
ed L with powdered chalk, and diluted with a ſufficient quan- 
t 
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ty of water decompoſes CaxBONATE OF LIME with Gimilar BOOK VI 


phznomena. It is by its combination with the carbonic 
acid, than L1ME is in this compound, ſo much more ſolu- 
ble in water, than when in its pure ſtate. | 

Spars and calcareous matters in general, adorn the cabi- 
net of the yatural hiſtory; are reduced to lime for all the 
uſes of that ſalino-terrene ſubſtance; in marbles and ala- 
baſters, ſerve for the purpoſes of the ſtatuary and the archi- 
tet; in ſhells, and marles form one of the moſt valuable 
manures which are known to agriculture. A multitude of 
other uſeful purpoſes in the arts of life are ſatisfactorily 
ſerved by the uſe of the natural varieties of this ſalt. 

VII. SuccinaTE OF Liz; the combination of lime, with 


SECT. IV. 


the ſuccinic acid; is a ſalt ia cryſtals, and of difficult ſolu-Other c CAL® 
CAREOUS 


tion; ; but which has not yet been particularly examined — 


through all its relations. 
VIII. AcertiTE or LIME, is the neutral ſalt formed by 


the combination of lime with the acetous acid. It is form- 


ed by the decompoſition of powdered CARBONATE OF LIME 
with the acetòus acid. Its cryſtals are beautifully needled, 
and plofly like ſatin. It is ſour and bitter, and liable to 
eſfHoreſce in the air. It is decompoſable by fire, by the 
mineral acids, and by the fixed alkalis. 

IX. TarTarITE OF LIME, is an almoſt inſoluble ſalt 
formed by the combination of LIE with the tartareous 
acid. 8 

X. OxaLaTE OF LIME, is a falt, inſoluble in water, pul- 
verulent, not decom poſable by fire. It may be formed by 
the decompoſition of any other calcareous neutral falt ; 
for no other acid has fo ſtrong an attraction as the cxalic 


acid for lime. It gives a green hue to ſyrup of violets. 
| N | XI. 


SALTS. 


MT NTP TER 
oY *% & * 


> ks #6 


"*..4* as 
m——> ee” 8 S 7 "7 
—_— ** x = * Fs 2 
kd” * 


Sv 


rern 
SY £2 | ” 


nt — 

A 4 4 . \ 
Ws 
4 


5 ** > 
N 


* rn . 
, 85 - bd 9 #6 A * 
—_— * 
rern 
: * . = . 
e . 


Tn; 


1 


nr 


THEXTPYI 2 
— 


Ads, whe 4% "uy . 
- OI 
« — 


In. a Tray 
6 eo ĩ⅛ 2 ü AA 
AZ IT. * 2 2 : 4 


——_ 


PCT IFoILg Raſh Vyoag nts 
S 


r 


2 . 
— — — © . 
>. 
4 6 4.4 PRs 
_ 


- cc - 
+ 35a. * 5 «4 
at : N 
— am * 3 — 


Fe 


"+> 
>» -« W. 


+4.” * 
1 — 


Wn \ 18 
1 * 


x: 


5.4, &-v 


= 
+» = 
<4 
© * 
9 
= 
© 
” . 
1 
= 
4 2 
1 
vs 
_ PS . 
1 
LS , 
. 
Yo 
%þ 
+ 1 
. 


Aw 


224444 woe, oe „% ere OR Im po I eos =_ 2 
* 


194 Line, and its Compounds. 


BUOY vi. XI. GuLarx or LIME is a ſalt ſoluble in water, whacti 

dS formed by the combination of the gallic acid with this 
ſalino-terrene ſubſtance. The gallic acid decompoſes cal- 
careous carbonates. 

XII. CirxarE or LiMz is a neutral Calt in which the a- 
cid adheres with great tenacity, but which has not yet been 
very particularly examined. 

XIII. MALArk or Linz is a peculiar neutral ſalt, in ſmall 
irregular cryſtals which are ſoluble in boiling water, in vi- 
negar, and in the malic acid itſelf. 

XIV. BexzoaTE or LIME is a ſalt of which the proper- 
ties remain to be examined. ; 

XV. PyRo-LIGNITE OF LiME, the compound of LIME 
with the pyro-ligneous acid, has not yet been examined. 

XVI. As little have chemiſts traced the relations of 

 PYRO-MUCITE, the neutral ſalt formed by LIME hy combi- 
nation with the pYg0-MUCOUS ACID. 

XVII. JACTATE OF LIME is a deliqueſcent falt formed 
by the union of lime with the /afic acid. 

XVIII. SACCHO-LACTATE OF LIME is an almoſt inſolu- 
ble ſalt. 

XIX. Foxuiarz or LIME is known to wy cryſtallizable 
and ſoluble. 

XX. PausSIATE OF LIME is a combination, which diſ- 
ſolved in water, exhibits a fine bright yellow colour, and 
which is eſteemed by Scharl and Fouxcxor, one of the 
beſt teſts that can be employed to aſcertain the preſence or 

| abſence of iron. 
XXI. SrBATE or LIME is a cryſtallizable falt, not decom- 
poſable by heat. 
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SECT, IV, 
LAY 


SEC- 


Many of 


them require to be much more particularly examined. They 
may probably be advantageouſly applicable to a variety 


6 
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XXII. LirniarR or Liu is formed by the com 
of Iithic acid with lime, but has not yet been particularly 


' 


d. 


al, vegetable, or animal in their origin. 


is 2 wide field for chemical reſearch. 


cxamme 


XXIII. Puosrgarr or LiMs is a ſalt formed by the com- 
bination of phoſphoric acid with lime, and is ſcarcely ſolu- 


ble, unleſs the acid be preſent in exceſs. 
Theſe are all the ncutral ſalts which LIuE is certainly 


known to form with any of the acids, whether aerial, 
of uſeful purpoſes that have not yet been thought of. 


miner 
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SECTION PIFTH. 


OF MAGNESIA, AND urs COMPOUNDS, 


BOOK VI. |", Frere is an earth, or rather a falino-terrene ſub- 
1 ſtance, which nature never preſents to us in a pure ſtate. 
tr. Dr BLack firſt fixed the line of diſtinction between MAG- 
— cconealy NES1A and lime And he alſo was the firſt who evinced, 
reſpectiug that M4GNESIA as well as lime and the alkalis, was actually 
MaGet>'* neutralized by carbonic acid, in thoſe caſes which they 
had all been ſappoſed to be indeed mild, but certainly 

pure, | OE A. 
It appears in a white powder, which, both to the eye 
Qualities ofand the finger, reſembles meal. Its ſpecific gravity is almoſt 
ante 2,33. It has no taſte to the tongue, but is purgative to 
the ſtomach, It communicates a pale green colour to the 
tincture of violets and mallows,—to turnſole, a blue col- 
our. We know not, in what manner it is ſubje& to be 
affected by light. The moit intenſe ignition does not melt 
nor decompoſe magneſia, but is capable of making it con- 
tract in all its dimenſions, ſo as to corrode an iron ſurface. 
'This contractile property feems to reſemble that by which 
alumin is fitted to become a pyrometer. If heated in a 
retort, it ſtill retains tenaciouſly that water with which it is 
commonly mixed, but acquires a very diſcernible phoſ- 
phoreſcence. Very long expoſure to the atmoſphere, ſeems 
to enable magneſia to attract at laſt from it, ſome ſmall 
portion of carbonic acid. At the ordinary temperature of 
the atmoſphere, 7900 parts of water, are required to diſ- 
ſolve 1 part of magneſia. It forms, however, with water, a 
ſort of brittle paſte out of which the water may be expelled 


by 


. wü —— a ts 


Magnęſſa, and its Compounds. 
by the action of fire, or even of the dry atmoſphere. Heat- 


ed with ſilice and alumin together, MaGNESIA runs with 8 


them into a glaſs. It is uſeful in medicine, as an abiorbent 
and purgative. It will preſerve fleſh for a long time from 
putrefaction, and will even reitore putreſied bile. It is 
ſaid to make camphor, opium, reſins, ard gum-reſins ſolu- 
ble in water; and to form ſome valuable dyes. It forms, 
with the acids, the following neutral falts. 

I. SULPHATE OF MAGNES!4 is the compound formed by 
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Pen 


BOOK VI. 


Sect. V. 


3- 
tral 
alts into 


the union of-the ſulphuric acid with this ſalino-terrene ſab-which ; it en- 
ſtance. It is obtained from.Epſom wells in England, from*©* 


the ſalt- ſprings of Lorraine, and the ſalt-works of Nar- 


bonne in France, from the waters of Egra, Sedlitz, and 


Seydſchutz. It is ſometimes found effloreſcent upon ſchiſti. 


It is greedily devoured by birds of paſſage. 
This falt has a very bitter taſte. 


In commerce, it ap- 


pears in ſmall needles terminating in very ſharp-pointed- 


pyramids. When regularly cryſtallized, its taſte is more 


bitter, it does not effloreſce in the air, and the cryſtals are 


of a different form. Its cryſtals are in this laſt caſe fine 
quadrangular priſms, terminating in quadrangular pyra- 
mids. Its water of cryſtallization is ſufficient to make it 
ſuſceptible of aqueous fuſion. It melts by the moſt moder- 
ate heat into what, when cooled, appears a ſhapeleſs maſs. 
A very intenſe heat brings it to actual igneous fuſion. Ex- 


poſed to the atmoſphere, it loſes its tranſparency, and even 


exhibits a ſort of ſlight effloreſcence. At the temperature 
of 60? Fahrenheit, water diſſolves, according to Chaptal, a 
quantity of MAGNESIAN SULPHATE, equal to itſelf in weight. 
Hot water diſſolves a quantity equal to twice its own weight: 
It cryſtallizes regularly by flow, ſpontaneous evaporation. 
I; 1 is decompoſed both by magneſia and by lime, which 
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have ' ſtronger attractions for the ſulphnric acid. Pour 


into a ſolution of MAGNESIAN SULPHATE, a ſinall quantity of 
lime-water, or vic verſa; there enſues a precipitation of pure 
magneſia and of calcareous fulphate. A ſolution of ful- 
phate of lime mingled with a folution of ſalphate of mag- 
neſia, is faid to afford a precipitate of magneſia. Calcare- 
ous nitrates and muriates likewiſe decompoſe ſulphate of 
magneſia, and are in their turn decompoſed by it. Double 


| elective” attractions appear to act here. Bergman relates 


that an Cwt. of magneſian ſulphate contains, if in cryſtals, 
19 parts of pure magneſia, 33 of ſulphuric acid, 48 of wa- 
ter. It is uſed as a purgative medicine; and moſt waters 
which. are naturally purgative, owe this quality to the pre- 
ſence of MAGNESIAN SULPHATE, 

II. Ni rRATE oF MAGNESIA is a neutrat ſalt formed by 


the combination of nitric acid with this falino-terrene mat- 


ter. It is uſually found in what is called ther- auer of 


nitre. Bergman, by a proper evaparation of a ſolution of 


this falt, obtained the ſalt in priſmatic, quadrangular, and 
ſpathoſe eryſtals, without pyramids. Chapral relates, that he 
himſelf accidentally found in mother-water of nitre, concen- 
trated to 45% of his areometer, a non- deliqueſcent cryſial of 
MAGNESIAN NITRATE, Priſmatic, with four fides very much 
flattened, very thick, and very ſhort. BERN aſcribes to 
MAGNESIAN: NITRATE in cryſtals,. a conftant tendency to de- 


liqueſce by. attrafting moiſture from the atmoſphere. Qxa- 


tremere- Dijanvul, on the contrary, deſcribes this ſalt, as being 


diſpoſed to effloreſce, — but in its pure cryſtalline ſtate; not li- 
able to deliquiate. The taſte of this falt is acrid and bitter. 


even with the help of heat tlie boracic acid, diſengage the 


It readily diſſolves in water; It is decompoſable by baryt, 


lime, and the alkalis. The ſulphuric, the fluoric, and 


acid 
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acid from MAGNtS14N NIT&ATE, and form new neutral ſalts BOOK VI. | 
by combination with the MaGnesla. The ſulphates of all, ape a 


the alkalis are ſubject to be decompoſed by MAGNESLAN NI- 
TRATE. It is ſaid, but with little probability, that if MaG- 
NESIAN NITRATE and CALCAREOUS NITRATE be diflolved to- 
gether in the ſame water, the latter ſalt will produce a 
precipitation of the former, It is probable, that magneſian 


nitrate, if adopted in medicine, might act powerfully on 


the animal œconomy. 
III. Mostar or MAGNESIA, the 6 combination 
of MURIATIC ACID with MAGNESIaA, exiſts in all natural ſalt 


waters, and in all waters which contain magneſian ſulphate 


in ſolution. It is obtained in cryſtals by concentration, e- 
vaporation, and extreme and ſudden cold. Its cryſtals are 
in the form of minute needles : Its ſolution is a tranſparent 
jelly. Chemiſts have not agreed, whether the cryſtals tend 
to deliquiate or to effloreſce in the air. The action of fire, 
decompoſes the neutral ſalt, and expels the acid, It is 
readily ſoluble in water. To obtain it in cryſtals, is a mat- 
ter of great difficulty, Heated in a retort with filice and 
alumin, it gives out its acid, Baryt and lime precipitate 
the MAGNESIA from this ſalt, From the mother-waters of 


muriate of ſoda in falt ſprings, the magneſia which thoſe 


waters contain in union with muriatic acid, may be preci- 
pitated at a ſmall expence by means of lime- water. The 
ſulphuric and the nitric acids decompoſe MAGNESIAN MU- 
RATE by expelling the muriatic acid with efferveſcence. 
The relations between maGNESIAN MURIATE and the al- 
kaline neutral ſalts, ſhall be hereafter explained. 

IV. Box ATE or MAGNESIA is a falt, ſcarcely known. A 
portion of MAGNESIA put into a ſolution of  boracic acid is 
flowly diſſolved. The liquor affords by ſubſequent eva- 
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BOOK vi. poration, granulated cryſtals of an irregular 7 Rn Fire 


SECT, V. 


melts, but does not decompoſe this ſalt. The other acids 
attract the MAGNESIA, and thus ſeparate the toracic acid, 


On the whole, the attractions between MAGNESI4 and bora- 
cic acid are certainly not very ſtrong. 


V. FLUATE OF MAGNESIA is a ſalt which BEkGMAN on- 


1y, has examined. "The fuoric acid diſſolves MAGNESIA with 


great energy. When the quantity of acid is neariy ſatura- 
ted, there is a great part of the newly formed ſalt pwccipi- 
tated, The ſolution affords by ſpontaneous evaporation, 
a ſort of tranſparent froth which hangs on the ſides of the 
veſſel, and conſiſts in part of long cryſtalline threads. 
With theſe, are obtained, at the bottom of the veſſel, ſpa- 
thoſe cryſtals in hexagonal priſms, terminating each in 2 
ſhort pyramid which conſiſts. of three rhombs. Even the 
extreme violence of fire alters not this ſalt. No acid has 


firength to decompoſe it in the humid way. It is worthy 


of a more particular examination. 

VI. CarBonaTE OF MAGNESIA is a ſaturated combina- 
tion of MAGNES1A with carbonic acid. It is prepared by 
precipitating a ſolution of magneſian ſuphate wich carbon- 
ate of potaſh. 

It has generally an earthy appearance, and is in the form 


of a white powder. It may contain the acid in a greater 


or a ſmaller proportion: And its properties vary with the 
proportions of the acid. Its taſte is crude and terrene. It 
affects the inteſtines with a purgative power. Expoſed 
to heat in a crucible, it loſes both its water and acid. The 
diſengagement of the acid gas, makes it, upon this occaſi- 
on, bubble, and exhibit on the ſurface, the motions of a 
fluid - A thin vapour ariſing out of the crucible, depoſites 
on contiguous bodies, a portion of the magneſia carried of 

„ | £683 b; 
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by the carbonic acid, A body, even if warm, but {ill — ** 
ECT 


if cold, gal the ſalt, if caſt into the crucible during the 

proceſs blueiſh phoſphoric light is produced toward 

the end of the operation. The uſe of a pneumato-chemi- 

cal apparatus, during this proceſs, enables us to obtain the 

water and the acid which are evaporated. An hundred 

pounds of falt may contain about 25 or 30 of the acid, 30 
of water, 40 or 45 of pure NEA. From expoſure to 
the air, MAGNESIAN CARBONATE undergoes no yery remark- 
able alteration: Yet a very humid atmoſphere makes it 
aſſume the form of ſmall clods, and exhibit the appearance 
of a commencing deliqueſcence. Vater diſſolves but little 
of this ſalt. A quantity of. magneſian carbonate mingled 
with a ſmall portion of water, compoſes a ſort of paſte of 
little tenacity. Diluted in a very large proportion of wa- 
ter, MAGNESIAN CARBONATE diſſolves ſlowly in the propor- 
tion of a quarter of a grain of the ſalt to an ounce of the 
fluid. Pure earth does not decompoſe uacxegtlan Cak- 
BONATE. Lime abſtracts the acid. The alkalis decom- 
poſe this ſalt. The ſulphuric, the nitric, and the muriatic 
acids decompoſe MaGxz$1ax CaRBoxATE by combining with 
the MAGNESIA. It ſeems however to be rather the fire than 
the new acid which on theſe occaſions expels the carbonic 
acid gas. Water containing carbonic acid, diſſolves waG- 
xESIA with much more energy, than can be exerted upon it 


by pure water. 'There takes place on this occaſion, a ſuper- 


ſaturation of the CaRBoxaTz OF maGxeSla With carbonic 
acid. The ſolution gives a green tinct to ſyrup of violets. 
Cold expels the exceſs of acid; but even congelation does 
not ſeparate the magneſia from the water. The heat of 
1689 52“ Fahrenheit, gives to this ſolution a milky con- 
diſtency. Sudden cold makes it again tranſparent. Slow 
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r — evapotation gives the MAGNESYAN CARBONATE in hemiſpheri- 
C 


ry) cl maſſes of needled cryſtals with divergent threads. The 4 
needles, examined by the microſcope, appear to be long ſix- . 
ſided priſms truncated with a hexagon, and reſembling 
certain ſpars. Cryſtals of macxrsran CakBOnaTE may like- 
wife be obtained by expoſing to the air, for a few days, a 
folution of this falt precipitated by heat. A ſolution of f 
$AGNESIAN - CARBONATE prepared for the laboratory, will 
often depofite at the end of a few days, even in well ſtop- 


ped phials, no fmall quantity of very fine, bright, ſmall 

needles which the magnifier ſhews to be ſix- ſided priſms. 

There is no reaction between MAGNESIAN CARBONATE and J 
thoſe other neutral ſalts which are formed with the alkalis. 

The calcareous neutral falts are decompoſable by cakhOx- 

ATE OF MAGNESTA; for the attractions between lime and 


carbonic acid are very ſtrong. MacxxsIax CArBONATE is 7 
beft obtained for uſe, by pouring a hot ſolution of magne- { 
fian ſulphate into a folution of carbonate of potath. A 
precipitate of MAGNESIAN CARBONATE is thus obtained. As | 
a purpative, MAGNESIAN CARBONATE is preferable, in medi- 
cine, to pure MaGxzsta. As an abſorbent, pure MAGNESIA. 
is to be preferred. | 
VII. PriospHaTs OF MAGNESIA is a neutral ſalt which we ) 
ealily form by exhibiting phoſphoric acid to magneſian carbonate. | 
The earbonic acid is expelled; and the phoſphoric acid forms e 
with the MAGNES14A, a ſcarcely ſoluble neutral ſalt. Its 
concentrated ſolution affords in the ſpace of 24 hours, | 
ſinall flat needle cryſtals, very flender, ſeveral lines in length, 
and cut obliquely at the ends. This ſalt alſo takes often £ 
the form of a tranſparent jelly. Theſe cryſtals of PpRHos- 
FHATE OF MAGNESIA, if expoſed to a gentle heat, fall into a 


powder, The ſulphuric acid decompoſes this ſalt. 
VIII. 


1 wc dat © -v "din 
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VIII. Svccix&te or MAGNESIA formed by the combina- BOOK VI, 
tion of MAGNESIA with the ſuccinic acid; decompoſes the C_ 
alkaline ſucvinates, and is itſelf decompoſable by the feccin- 
ates of lime and baryt. 
IX. AcpgTiTE or MaGNESTa formed by the combination 
of magneſiæ with acetous acid, is extremely ſoluble in wa- 
ter, decompoſable by fire, baryt, lime, the minerat acids; 
and the alkalis; ſubject to afford, not cryſtals, but by eva- 
poration, a viſcid, deliqueſcent maſs. 
X. TAaRTARITE OF MAGNESIA is a ſalt of which we know 
only, that it appears not in a cryſtalline form, but as a ge- 
Jatinous matter. 
XI. PyRo-TAKTARITE OF MAGNESIA is indeed a peculiar 
neutral ſalt. But, its qualities have not yet been examined. 
XII. OxatiTE of MAGNESIA is the combination of mag- 
nefia with what is called the oxalic acidulum. It is a white 1 
ſalt in powder, decompoſable by fluoric acid and by baryt. | ws 
XIII. Garrarz or MAGNES14, the combination of this . 
ſalino-terrene ſubſtance with the Gallic acid, is a ſalt ſoluble 
in water, eſpecially when there is an exceſs of the baſe. 
XIV. CITRATE OF MAGNESIA is a falt which we know 
MAGNESIA to form with the citric acid, but which has not 
yet been examined. © 
XV. MaLarTsz or MAGNESIA is a dcliqueſcent falt, the | 
combination of magneſia with the malic acid. 
XVI. BenzoaTz or MAGNESIA is a neutral ſalt of un- 
known properties. | 
XVII. Prro-L1GNITE OF MAGNES14 has not yet been {| {54 
examined. | ' 84 
XVIII. Prro-MUCtTE or MAGNESIA is as little known. _ 1 
as the foregoing ſalt. ! þ 
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204  Magnefaa, and its Compounds. 
BOOK VI. XIX. CaMPHORATE OF MAGNESIA is A. e ſo- 
SxcT, VI. * luble ſalt. 

ets bags 


cent cryſtals. 


XXI. SACCHO-LACTATE OF MAGNESIA is almoſt inſoluble. 


XXII. ForRmMiaTE OF MAGNESIA is ee by baryt, 71 


lime, and the fixed alkalis, 


SEC- 


XX. LacTaTz or MAGNESIA exhibits itſelf in deliqueſ- 
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SECTION SIXTH. 
Op POTASH, AND ITS COMPOUNDS. 


Slick and alunin, have been named by the chemiſts, BOOK VI. 
EARTHS : baryt, lime, and MAGNESIA, they have called N 
NO-TERRENE ſubſtances: we now enter upon the examina- 14. 
tion of ro rasn, a ſubſtance, to which with „oda and ammo- — 4 
niac, they have given the name of ALKALIs. We fhall, in from Cars. 
this book, have occaſion to examine ſome other ſubſtances 

of recent diſcovery, which have been ranked, with the two 

above mentioned, under the common character of AK TUs. 

'The word ALK ALI is of Arabic origin. It is originally the 2. 
name of a plant. The aſhes of this plant afforded to the Ara- Origen ot 
bians, an uſeful ſalt, to which they naturally gave the ſame alkalis. 
name. It was afterwards perceived, that the mineral natrun 
reſembled in its properties this vegetable reſidu n, ſuffi- 
ciently near, to be diſtinguiſhed by the ſame generic name. 

Hence the diſtinctions of the mineral and the vegetable al- 
kali. From the ſoot of fires, of which camels dung was uſed 
as the fuel, was obtained a third faline ſubſtance. This had | 
received the name of ammeniac. But, upon examination, "1 
it was found to poſſeſs certain properties in common with 
the two ALKAL1s already known. It was therefore num- 
bered with them, as a third alta. Its volatility afforded 
a ſpecific difference, to diſtinguiſh it from the two former. 

Theſe alkalis agree in having an urinous, acrid, cauſtic | 

taſte; in turning green, the ſyrup of violets; in exciting Cotte ap 

heat, when they unite with water; in abſorbing moifturethe alkalis. 
and carbonic acid gas from the atmoſphere; in diſſolving 
earths by the force of their tendency to combination; in 
rendering 
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BOOK VI. rendering oils miſcible with water. The diſtinction of 


the alkalis from the acids, appears to have been one of the 
ſteps in the progreſs towards ſcientific claſſification in 
chemiſtry. 

PoTasH, otherwiſe called the vegetable alkali, was un- 


known in a ſtate of perfect purity, until diſcovered by Dy 


BLACK. It is white, dry, and ſolid. It diffolves the 
contexture of the ſkin. It gives to ſyrup of violets, a deep 
green colour, much more diſcernible than that which lime 
cauſes the ſame ſyrup to aſſume, It at laſt turns the ori- 
ginal colour to a brown yellow. 

We know not in what manner light affects this ſalt. By 


Its principal/ire in cloſe veſlels, it is ſoftened, and ſoon liquefied. 


chemical 
relations. 


Poured upon a ſmooth hard ſurface, it cools into a white, 
opake maſs. Only the moſt intenſe heat is ſufficient to 
volatilize it. In the open atmoſphere, it attracts moiſture, 
diſſolves into a liquid, and abſorbing carbonic acid from 
the atmoſ;zhere, gradually paſſes into the ſtate of a neutral 


ſalt. Its weight is now increaſed.— In water, it diſſolves. 
very readily ; excites at the ſame time a confiderable heat, 


and a fœtid lixivious odour, The folution is colourlefs. 


Evaporation to dryneſs in cloſe veſſels, is requiſite, to ſepa- 
rate the ſalt from the ſolvent. The action of oxygen and 
azote upon this alkali is unknown. Silice combining with 
POTASH in the dry way and by heat, is thus brought into 
fuſion : And the compound into which theſe two ſubſtan- 
ces run, is the well known common GLass. The alkali 
may be detached by acids: And the fi/ice will then be 
obtained pure, in a precipitate. In the act of making 
glaſs, the purity, the proportion, and the complete fuſion 
of the fi/ice and the roTasH employed, are the principal 


things to be attended to. Some other matters are indeed 
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generally added to theſe two, for the purpoſe of rendering BOOK VI 
the glaſs more weighty and tranſparent, and to give u * 
ſome other uſeſul qualities. The phænomena exhibited 

when POTASH acts on alumin, are not vet well known. 


With baryt, magneſia and lime, it is capable of combina- 
tion. With ſulphur, it forms what is called ſulphare of 
potaſh. It has been ſuppoſed to be perhaps a combination. 
of lime with azote, It is extracted by /ixiviation and ſubſe- 
quent concentration from the aſhes of wood, ferns, and 
other vegetables. That impure potaſh which we meet 
with, in commerce, is obtained from North America, or 
from the Northern countries of Europe. In ſurgery, it is 
uſed to corrode the ſkin, and to produce inflammation and 
ſuppuration. The following are the neutral ſalts into 
which it enters. 


I. SULFATs or POT ASH, the combination of POTASH with, 6. 
the SULFURIC ACID, is a neutral falt which rarely appears alt; 
in the mineral kingdom of nature, but is contained, init forms- 


ſmall quantity in a few vegetables. It is generally more 


or leſs tranſparent, Its cryſtals vary in form and magnitude. 


If of flow formation, they ſometimes aſſume the figure of 
ſix-· ſided priſms terminating in two hexahædral pyramids, 
much like rock-cryſtal, If obtained by rapid evaporation, 
the cryſtals are agglutinated into one maſs in a ſolid cruſt, 
the ſurface of which, is covered with ſmall, irregular, pyra- 
midical ſpikes. Or a ſolution expoſed to gentle ſpontane- 
ous evaporation by the heat of the atmoſphere, will afford 
the cryſtals in twelve-ſided ſolid figures joining at the baſe, 
and ſometimes ſeparated by a thort ſix- ſided priſm. 
SULPHATE OF POTASH has a very diſagrecable bitter taſte. 
It undergoes little alteration from the action of fire.” On 
burning coals, indeed, it decrepitates. Expoſed to cold, 
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| 2 VL in a bete of fuſion, it becomes an opake maſs, friable and 
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— A ſtrong fire brings it into fuſion. If kept for 


a while in fuſion, and in an open veſſel, it is volatilized 
without decompoſition. From air it ſuffers no alteration. 


In cold ⁊vater, it is ſcarcely ſoluble; in hot water, it is diſ- 


ſolved in the proportion of 1 part to 4. It is cryſtallized 
partly by cooling, but ſtill more by evaporation. It con- 
tains hut little water in cryſtals; and therefore is not liable 
to deliqueſce in the air. It does not act at all on the ſim- 
ple earths. It is decompoſable by baryt, which has a 
ſtronger affinity than potaih, with the /u/phuric acid. Nei- 


ther lime nor magneſia acts on $ULPHaTz OF PoTaSH. It 


may be ſuperſaturated with ſulfuric acid: And the new 
neutral ſalt thus formed, will exhibit ſome pecul ar proper- 
ties. The niuric acid detaches the potaſh into a new nitric 
combination: The muriatic. acid, too, decompoſes ſulphate 
of potaſh, in order to form muriate of potaſh. But, in 
neither of theſe two caſes, is the whole quantity of the 
ſulphate of potaſh, diſſolved. Carbon and ſeveral metallic 
ſubſtances convert SULPHATE OF POTASH into a SULPHURE 
or POTASH, by detaching the oxygen, the acidifying prin- 
ciple of the acid. 100 parts of SULFATE OF POTASH, con- 
tain 52 of potaſh, 40 of ſulfuric acid, 8 of water. It may 
be prepared—by a direct combination of the ſulfuric acid 
with rorasnH; by decompoſing with the fulfuric acid, other 
neutral ſalts in which there is potaſh contained, by uſing 
potaſh to decompoſe terrene and metallic ſulphuric ſalts. 
It has been obſerved by Chaptal, that s8VLFare OF porastH 
may be obtained from the analyſis of tobacco.—The ſul- 
phurenus acid forms with potaſh, a peculiar neutral falt in 
ten-fided polyhzdrons or in two tetrahzdral pyramids, cut 
towards the baſes It is bitter, ſoluble, deliqueſcent. It is 
liable 


Potoſ, and its Chak; | ; 29 


liable to be decompoſed by all the mineral, and by many of BOOK VI-- 
Ser. Vi... 
the vegetable acids. It is denominated surrH E OF rr. 
43H. SULFaTz OF pOTASH is given, in medicine, as  ſol- 
vent and purgative. Surrmrz is convertible into su- 
- FATE OF yOTASE by expolure to the atmoſphere. | 
II. NitzaTz oF rOTaSH is otherwiſe named common 
KITRE 3 or SALTPETRE. It is a ſaturated combination of 
the nitric acid with potaſb. It is very abundant in nature. 
It is formed wherever there are animal and vegetable ſub- 
ſtances in a ſtate of progreſſive putrefaction; is obtained in 
great purity from cretaceous earths z is formed in ſteads 
made for the purpoſe of affording it, in ſtables and cow- 
houſes, in ditches and covered ſheds, on the walls of old 
houſes, even in the roads which are much trodden by ſheep 
and other cattle. 

NITRATE or POTASH Exiſts in fix - ſided prifms, termi- 
nating in dihzdral pyramids, or cut at the ends ſlopewiſe, 
and often channelled from one end to the other. It has a 
freſh taſte. It alters not the colour of fyrup of violets. It 
is very liable to alteration from heat. Expoſed in a cruci- 
ble to the action of fire, it is ſoon liquefied by an actual 
igneous fuſion. By cooling, it congeals from this fuſion 
into what is called cry flatminergt. Continued expoſure, 
after the fuſion, to the action of fire, reduces XITRATE or 
*OTASH to fimple potalk ; diſpelling the acid. At a cer- 
tain period in this continued application of heat, the NT- 
RATE will be found converted into N1TRITE oF POTASH 
by the partial diſſipation of the acid. In the preparation 
of cryſlal-mineral for medical purpoſes, it is neceſſary to be- 
ware of expoſing the fufing nitre to heat, for too long a 
foace of time. . Expoſed in contact with other combuſtible 
bodies to the a&ion of fire, NITRATE OF POTASH is decom- 
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poſed with a detonation or decrepitation, and a white lively 
flame. This decrepitation and flame ariſe chiefly from the 
ea of the oxygen in the acid of the nitre, to com- 
bine with the combuſtible matter in contact with it. Such 
is the theory of the combuſl ion of gun-powder, a mixture 
of nitre with ſalphur and charcoal. An hundred pounds 
of gun-powder from ſome of the beſt manufactures, may 
contain about 75 pounds of nitre of potaſh, 9x of ſulphur, 
15 of charcoal. The mixture is effected by long continu» 
ed trituration, ſifting to granulate and cleanſe, expoſure to 
gentle heat for drying, and friction in a barrel to fine and 
glaze it, at the laſt, for uſe as gun-powder. Gun-powder 
thus prepared, may be again diſſolved by expoling i it entire 
and unwaſhen to the action of a moderate fire. Another 
mixture of nitre, ſulphur, and charcoal, which is called 


fulminating powder, may be prepared of 3 ounces of nitre, 


1 of powdered ſulphur, and 3 of carbonate of potaſh. 
Powder of fuſion is made of 3 parts of nitre, 1 of ſulphur, 


1 of faw-duſt. This will melt a ſmall bit of copper in a 
nut-ſhell, without deſtroying the ſhell. Suſphuric acid was 


made in England and Holland, for ſome time, by the com- 
buſtion of ſulphur and nitric acid together, in large bal- 
loons of glaſs, in the proportions of 8 parts of ſulphur to 
1 part of nitre. Sulphuric acid may, however, be made at 
a leſs expence, by burning ſulphur on gridirons in large 
chambers lined with lead. The clyſus of nitre is prepared 


by the detonation of different combuſtibles with nitrate of 
potaſh, in cloſe veſſels. The reſidue which remains after 


the detonation of nitre with charcoal in a crucible, is ſaid 
to be nitre fixed by charcoal ; but is properly nothing elſe 
than potaſh in combination with carbonic acid. NITRATE 


e in its perſed cryſtalline | 
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form from thoſe matters among which it is formed, by ſo- 
lution in boiling water in the proportion of 3 or 4 parts of 
the water to 1 of the nitre, and by ſubſequent cooling. 
The firſt pellicles which are formed on the cooling liquor, 
are to be ſkimmed off and diſpoſed of apart, as being only 
muriate of ſoda, The ufe of aſhes, and repeated boilings, 
gradually enable the manufacturer to ſeparate all the ex- 
traneous ſalts; and after the third ebullition, to obtain the 
pure NITRATE OF POTASH in large irregular maſles, and in 
long cryſtalline ſticks, That which is in irregular maſſes, 
having little or no water of cryſtallization, is the fitteſt for 
the manufacture of gun-powder. It may be till farther 
purified by new ſolution and cryſtallization. | 
NITRATE or POTASH is not inalterable by filice. Diſ- 
tilled with ſand, the neutral falt, is robbed of its acid. A 
vitreous reſidue is left. Nitre diſtilled without an inter- 


medium, affords its acid decompoſed into gas-oxygen and 


gas-azote, Alumin decompoſes nitre; as has been obſerv- 
ed in the proceſs uſed at Paris for the diſtillation of aqua- 
fortis. But, it has been ſuſpected that this effect may be 


owing to ſome impurities in the aluminous earth. Baryt 


decompoſes N1TRATE OF POTASH, and forms with the acid, 
a new neutral ſalt. Magngſia, lime, and the alkalis act not 
upon nitre. Concentrated ſulphuric acid poured upon ni- 
tre, produces a diſengagement of nitrous acid gas. Woulfe's 
apparatus, above deſcribed, was ingeniouſly contrived for 
the purpoſe of collecting without loſs, the nitrous gas which 
ariſes from this proceſs in diſtillatory veſſels. This is a 
very good pyoceſs for obtaining nitric acid, ſince the at- 
tractions between ſulphuric acid and potaſh, are ſuperior in 
ſtrength, to thoſe which ſubſiſt between nitric acid and 
potafh. Concrete boracic acid, with the help of heat, diſ- 
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ſolves NITRATE oF PoTasH,—partly by means of its fixity, 


=) —prtly by the attractions between boracic acid and potaſh. 


Phoſphoric acid alſo by its fixity, decompoſes this alkaline 
falt, in the dry way only. 
NITRATE or POTASM is employed in the arts, in the ma- 


nufactures of gun- powder, and in thoſe fuxes of nitre and 
tartar which are uſed in aſſaying metals, &c. In medicine, 


it is given in doſes of—from 10 or 12 grains to 1: drachm 
or more, as a quieting, cooling, refreſhing, diuretic, antiſep- 
tic remedy, &c. 100 grains of the cryſtals of nitre contain 


Zo acid, 63 alkali, and 7 water. Seven parts of water diſ- 


ſolve 1 part of nitre at the temperature of 60® Fahrenheit. 

III. MoriaTE or PoTas is a ſaturated combination of 
potaſh with the muriatic acid. It is frequently met with 
in nature; but, never in large quantities together. It is 
formed in ſea- water, in the water of ſalt ſprings, ſometimes 
in the ſame places where nitrate of potaſh is found, in ve- 


getable aſhes, and in ſome animal humours. Art produces 
it by the direct combination of the muriatic acid with po- 
- taſh, by decompoſing with the fame alkali, earthy, ammo- 
niacal, or metallic ſulphures, or by decompoſing with mu- 
riatic acid, ſulphate or nitrate of potaſh. © 


Its cryſtals are cubic, but always of a confuſed appear- 
ance, and an irregular form. In fire, it decrepitates by the 


ſudden rarefaction of the water of its cryſtals. Its taſte is 


ſaline, pungent, bitter, and diſagreeable. Continued ex- 
poſure to heat, melts and volatilizes, but does not decom- 
poſe it. It is uſeful, as a Aux, to cover melting minerals, 


and thus fix the action of other fluxes put to act under it. 


It ſcarce attracts moiſlure from the air. About 3 parts of 


cold water are neceſſary, to maintain 1 part of this ſalt in 


ſolution. Alumin ſeems to decompoſe it; for muriatic 
" "os 
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zcicdl may be obtained by diſtilling MURIATE oF POTASH BOOK VI. 
Sect. VL 
with clays. Siliceous earth acts on it in the fame manner. 
Baryt ſeizes the acid. Magngſa and lime produce no alte- 
ration upon this ſalt. The ſulpburic and the nitric acids 
diſetigage the muriatic acid with efferveſcence. In the caſe 
of the MURIATE or PoTASH being dry, this phænomenon 
is peculiarly ſtriking. The boracic acid likewiſe decompoſes 
MUKIATE OF POTasH by diſtillation. Neither the fluoric 
nor the carbonic acid acts in any way on muriated potaſb. 
Neither f te nor nitrate, whether of potaſh or ſoda, acts 
upon is i MurIaTE OF POTASH is not at preſent ap- 
plied to any uſe, either in medicine, or in the arts. 106 
grains of muriate of potaſh contain 29,68 acid, 63, 47 al- 
kali, 6,85 water. 

IV. Borart of FOTASH is a falt which may be formed by 
combining PoTaSH with the boyacic acid. Such is the refi- 
due produced, when nitrate of pitaſo is decompoſed by the 
uſe of boracic acid. | This refidue appears in a white half- 

. fuſed glaſs, which, when diſſolved in water, affords ſmall 
cryſtals. It is fuſible, ſoluble, ſuſceptible of cryſtallization, 
decompoſable by pure acids. 

V. FruaTE or PorA$H is formed by the combination of 
POTASH with fluoric acid. It appears always in a gelatinous, 
never in a cryſtalline form. Its taſte and effect upon the 
ſkin; are acrid and cauſtic. Fire diſengages the acid; and 
the filice which was ſuſpended in it, then melts with the 
potaſſi into a glaſs. FLvaTE or forasn readily diſſolves 
in water. Its ſaturated ſolution produces no alteration on 
ſyrup of violets. Lime decompoſes this ſalt. Concentrat- 
ed ſulphuric acid effects a ſimilar decompoſition. This 
falt is in other reſpects little known; and is applied to no 
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l 0 VI. CarBonaTE or POTASH, is the ſaturated combina- 
. tion of carbonic acid with potaſh. We owe our knowledge 
of the exiſtence of this ſalt to Dx BLAck. It is often found 
ready-formed in vegetables, and is obtained from them by 
incineration, as well as from the tartar of wine. It con- 
verts the blue colour of ſyrup of violets to a green; has an 
alkaline taſte ; attracts moiſture from the atmoſphere is 
readily obtained in cryſtals, by expoſing a ſolution of pure 
potaſh to the carbonic acid gas in the upper part of a bar- 
rel of fermenting beer, Its cryſtals are quadrangular priſms 
with ſhort four-faced pyramids. It is ſubject to alteration 
from Heat; affords by diſtillation, water and carbonic acid; 
and, after the operation, remains in an irregular maſs. 100 
parts of CARBONATE OF POTASH contain 20 of acid, 48 of 
pure alkali, 32 of water. When fully cryſtallized, it ſuf- 
fers no alteration from air: Its cryſtals neither deliquiate 
nor effloreſce. It is ſoluble in four parts of cold water, 

in even a ſmaller proportion of warm water. A ſenſible 
degree of cold is produced while it unites with this fluid. 

Is is cryſtallizable by evaporation and cooling conjunctly. 
It ſerves as a flux to vitrifiable earths. The carbonic acid 
is diſengaged, while the alkali runs into a glaſs with filice. 
Alumin does not act on carbonate of potaſh; but is reduci- 
ble by it to a vitreous frit. Baryt detaches the carbonic 
acid. Lime alſo detaches the acid. Lime-1water, poured 
into a ſolution of CARBONATE OF POTASH, gives a precipi- 
tate of an almoſt inſoluble ſalt which is produced by the 
combination of lime with carbonic acid. Two pounds of 
aſhes from the combuſtion of huſks of grapes with lees of 
wine ;—mixed with a pound of lime; in this mixture, 
immerſed in 16 pounds of water; then in the lixivium, 
filtered, evaporated, and in the reſidue melted in a cruci- 
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bis, ind (hen poured cut on's plain ſurface 3-=alford what BOOK VI. | 
is called the Zapir cauflicit. This product is merely a dirty; 


Alkali, not very cauſtic. But, pure rorasn, prepared with 
lime to abſorb the carbonic acid, is the beſt ſubſtance to be 
- uſed for the purpoſes of the /apis cauflicur. Maghefia does 
not act on carBONATE OF PoraSH. The ſulphuric, the nit- 
ric, the muriatic, and the fluoric acids decompoſe it. With 
heat, the boracit acid expels the carbonic. The before de- 
ſcribed neutral ſalts have no reaction with this one. It is 
much uſed in the arts; In medicine, it is employed, in 
ſmall dozes, as an aperient and diſcuſſive in obſtructions of 
the meſentery and the urinary paſſages; 

VII. ProsPHATE OF Fora$H is a very ſoluble, neutral 
ſalt. It affords by careful evaporation and cooling, cryſ- 
tals in the form of tetrahædral priſms, terminating in pyra- 
mids which have alſo four faces correſpending to thoſe of 
the priſms. It diſſolves much better in hot than in cold 
water. It ſwells on burning coals, but does not eaſily melt: 


When melted, it has no longer a ſaline taſte. From the 


nitric ſolution of ſilver, it produces a white precipitate ; 
from the nitric ſolution of mercury, a yellowiſh white pre- 
cipitate. It is decompoiable by lime-water. | 


VII. SuccinaTtE or POTASH, the combination of the 


vegetable alkali with the acid of amber, is a deliqueſcent, 
cryſtallizable ſalt which has been little examined, and not 
yet applied to uſe. | | 
IX. AczTiTE ob #0TaH is 4 neutral ſalt of a pungent, 
acrid, urinous taſte. Decompoſed by the action of fire, it 
affords an acid phlegm, an empyreumatic oil, ammoniac, 
and a large quantity of ſtrong ſmelling gas, conſiſting of 
carbonic acid with gas-bydrogen. The refidual coal eon- 
teins a good deal of naked potaſh. This falt deliqueſces 
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paging Ma in the atmoſphere, and is eafity Gluble in water. ub 


, compoſable by diſtillation with ſulphuric acid, in the pro- 
portion of 2 parts of the neutral ſalt to 2 of the acid, in 

a tubulated glaſs retort fitted with a receiver. This ſalt is 
ee dredged eee eee 
There is allo acxrarx or POTASH, reſulting from the 


combination of the acc ric acid with the ſame alkali. 


X. Tanxraxgous ACIDULUM, is a combination, chiefly of 


| a large proportion of the fartareaus acid with a ſmall quan- 


tity of potaſh which cannot be eaſily ſeparafed from it. 


This ſalt is more like an imperfect acid, than a neutral falt. 


When very pure, it is irregularly cryſtallized. Its taſte is 


ſour and leſs vinous than that of crude tartar. Expoſed 
to heat on burning coals, it diffuſes a ſmoke of a pungent 


empyreumatic odour, and becomes black and carbonaceous. 


By diſtillation it affords a phlegm, acid, and lightly co- 


loured ; an oil which acquires colour and conſiſtency, and 
has an empyreumatic ſmell ; ammoniacal carbonate z 2 


large quantity of carbonic acid; a reſidue of coal which 


when lixiviated without incineration, affords a large pro- 
portion of potaſh. The raxraxROus ACIDULUM ſuffers no 
alteration from water; is ſoluble in 28 parts of boiling wa- 


ter, and cryſtallizes irregularly by cooling. The ſolution 


reddens tincture of turnſole, and has an acid taſte. Expo- 
{ure to the air decompoſes the acid, affording a precipitate 
of mucilaginous flakes, and in the water, a reſidue of car- 


- benate of potaſh. Magngſia forms with this acidulum, a ſolu- 


ble ſalt, liable to decompoſition by fixed alkali z the ſolu- 


tion of which affords by evaporation, ſmall priſmatic radi- 


ated cryſtals. Lime and chall both act upon this acidulum. 
Lime forms by combination with it, a new ſalt, which is 
ſcarcely ſoluble, and which when diſtilled in a retort, leaves 


* 
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- pyrophorous reſidue. Chalk gives out carbonic acid, BOOK. VI. 
which is diſfipated—or obtained in the receiver; forms 2 


precipitate of calcareous tartarite z and leaves a ſolution of 
tartarite of potaſh in the ſupernatant liquor. With the 
alkalis, this: acidulum readily combines ; forming tartarites 
of potaſh, of ſoda, and of ammoniac. With the acids, it 
forms neutral ſalts fimilar to thoſe which the ſame acids 
form with potaſh. It combines with the metallic oxides. 
It is much uſed in medicine, and for various other pur- 
poſes. 

[CARTARITE OF POTASH—15 the ſaturated combination of 
the ſame roras with the tartareous acid, without any ex- 
ceſs of the acid. | 

XI. Prro-TarTARITE or POTASK is formed by the com- 
bination of the pyro-tartareous acid with this alkali. It is 
known to be ſoluble in cold water, and cryſtallizable. 

XII. OxaLic AciDULUM is a ſalt formed by the union of 
POTASH with oxalic acid in proportions in which the alkali 
is greatly ſuperſaturated by the acid. It is obtained, by 
evaporation and cryſtallization, from the juice of ſorrel. It 
exiſts in ſmall white cryſtals, opake, and needled or lamel- 
lated. They are repreſented as being oblong parallelopi- 
pids. The taſte of this ſalt is ſour, poignant, and bitter. 
It gives a deep red colour to tincture of turnſole and blue 
paper. . 480 grains of this acidulum, afford by diſtillation, 


1150 grains of ſtrongly acid phlegm, and a refidue of 160 


grains of grey ſalt, -from which may be obtained 156 
grains of potaſh, with about 4 grains of concrete ſalt in the 
neck of the retort. This acidulum, when pure, ſuffers no 
alteration by expoſure to air. It s more ſoluble than tar- 


tareous acidulum: 960 parts of boiling water have been 


found to diſſolve 675 parts of this ſalt. It combines with 
baryt, 
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voox vl. baryt, magneſia, ſoda, and ammoniac; is 
| [ire 100 grains of chalk decompoſe 137 grains of Ox4a- 
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is decompoſed by 


LIC ACIDULUM. A precipitate of calcareous oxalate is ob- 
tained: And the ſupernatant liquor affords carbonate of 


. potaſh. Sulphuric acid favours the diſengagement of the 


oxalic acid from the acidulum by means of heat. The 
nitric acid decompoſes the acidulum, and ſeparates the al- 
kali. The metals are liable to be acted upon by this acid- 
ulum. 8 * 

OXALATE or POTASH, the ſaturated combination of ro- 


rast with oxalic acid, is very ſoluble in water, and decom- 
poſable by the action of the mineral acids. 


XIII. Garrark or POTASH, formed by the combination 
of potaſh with the gallic acid, "qo Fades Donde Vern 


ties have not yet been examined. 


XIV. Ctrrart or PoTASH is alſo unexamined. 
XV. MaLare oF POtTASH is known to be a deliqueſcent 
neutral ſalt. | 


XVI. BEexzoaTs e be ie yu ili ris | 


If examined. 


XVII. Prac-Lichrrx or PorasH is a falt * 
by calcareous and barytic earths. 

XVIII. Prao-xucirx or PoTasH is a falt of which the 
principles cohere in it with conſiderable tenacity. 

XIX. CAMPHOKATE OF POTASH is cryſtallized in regular 


hexagons. 


XX. Cokrarz OF rovanid, the combination of petaſb 
with the cortic acid, is known to be a deliqueſcent neutral 
ſalt. 

XXI. Lacrarz oz POTASH is likewiſe a deliqueſcent ſalt. 

XXII. SACCHO-LACTATE OF POTASH cryſtallizes by cools 


ing, and is ſoluble in g times its own weight of hot water. 


XXII. 
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ammoniac, 


XXIV. Pausslark or POTASH is the combination of vo- 


rast with pruſſie acid. 2 80 
XXV. Srnarx or POTASH is cryſtallizable, and not de- 


compoſable by heat. 


XXVI. LiraiaTE or POTASH is a falt ſoluble by lime- 


XXVII. BOMBIATE oF POTASH has never been examined. 
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SECTION SEVENTH. 
OF * AND ITS COMPOUNDS. 


og VII. A Fes certain lakes anciently famous in Egypt, from the 
| >> aſhes of ſea-plants growing around the Scottiſh ſhores, from 
Orivin of the well known barilla of Spain, by certain proceſſes of art 
ena. from common ſea-ſalt, is obtained a peculiar alkali, which 
is diſtinguiſhed by the name of sopa. | 
In its phyſical appearance, pure sopæ does not materially 
i more ob- differ from pure potaſh. The difference of its combina- 
vious Quali-tjons from thoſe of potaſh, is what beſt diſtinguiſhes its 
character. It appears naturally in a dry and ſolid form 
turns ſyrup of violets green, and deſtroys the colour entire- 
ly; melts in the fire by a red heat, and is volatilized by a 
heat more intenſe ; acts upon almoſt all the veſſels in which 
it can be expoſed to heat; attracts moiſture and carbonic 
acid gas from the atmoſphere ; diſſolves in water with the 
emiſſion of heat, and of a fœtid lixivious odour ; is to be 
obtained pure from this ſolution, only by evaporation in 
cloſe veſſels. It combines readily with Alice; and is even 
better adapted than potaſh, to bring that earth into fuſion: 
It is preferred for this purpoſe by the glaſs- makers. Its 
affinities for the acids, are different from thoſe of potaſh 
for the fame ſubſtances. Its intimate nature is unknown. 
It has been ſuſpected to be a combination of an earthy baſe 
with azote; and magneſia has been ſuppoſed to be that 
baſe. The difference of the baſes, is ſuppoſed to conſtitute 
the eſſential difference of nature between sopa and potaſh. 
Sopa is employed in making glaſs, in preparing ſoap, in 
bleaching, &c. 


The 
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The following are the xEU TAL, combinations of - 5004 BOOK VT. . 
L | Sect. VII. 
with the acids. | ; 
I. SULFATE or $0DA is the ſaturated combination of this 3. 
alkali with ſulphuric acid. It is the ſubſtance, even vulgar- [2,7 
ly known in medicine, by the name of Glauber's ſalt, It is 
obtained in great abundance from ſca-water, from the wa- 
ter of falt ſprings, from various other mineral waters. It 
may be artificially formed by the direct combination of so- 
va with ſulphuric acid, —by decompoſing with ſulphuric 
acid, neutral falts which have ſoda for their baſe, by de- 
compoling with $opa, terrene and metallic ſalts into which 
the ſulphuric acid enters as a principle. | 
It is commonly more or leſs white and tranſparent; cryſ- 
tallized in priſms with fix unequal and ftriated fides ter- 
minating in dihzdral ſummits. The forms of theſe cryſ- 
tals are however ſubject to many varieties. Their taſte is at 
firſt freſh ; but ſoon becomes very diſagreeably bitter. By 
expoſure to fire, this ſalt is quickly liquefied. It produces 
no alteration on blue vegetable colours. From its ſtate of 
liquefaclion, it ſoon dries and becomes of an opake, white 
appearance. This firſt liquefaction is ſimply an aqueous 
fuſion, accompliſhed by means of its water of cryſtalliza- 
tion. But, if the opake maſs be farther urged by heat; a 
ſecond and true igneous fuſion will follow; and in the end, 
the maſs may be volatilized by extreme violence of fire. 
Theſe cryſtals are alſo, in conſequence of the largeneſs of 
the proportion of their water of cryſtallization, liable to the 
phznomenon of effloreſcence ; that is, to acquire under ex- 
poſure to the air, a ſort of powdered covering, reſembling 
thoſe ſublimated matters which are improperly denominated 
flowers, The drier the ſtate of the atmoſphere z ſo much 
the more readily does this phænomenon take place on theſe 
 falts 
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BOOK VI. fas expoſed in the open air. On filite or alumin, 8UL+ 
. PHAT=E or SODA cannot act. By baryr, this ſalt is ſubject to 
be decompoſed. Potaſh alſo effects the ſame decompoſi- 
tion. The ſulphuric acid will combine in exceſs with 301. 
Hark OF SODa. The nitric and muriatic acids decompoſe 
= : this ſalt. If sVLyHaTE. or son be violently heated with. 
= | earbon and ſome metallic ſubſtances, the ſulphuric acid is 
* | | decompoſed, and the ſulphur alone remaining, in combina- 
tion with the ſoda, forms with it, what is called an allaline 
fulphure. 100 parts of ſulfate of ſoda are ſaid to contain 
15 parts of ſoda, 27 of ſulphuric acid, and 58 of water. 
This falt is given in medicine, in dozes of—from half a 
drachm to an ounce and a half, as a ſolvent, aperient, = 
purgative remedy, 
SULFITE OF $0DA is formed by the combination of this 
alkali with ſu/phareous acid; but, we know not its pro- 
II, NrTgATE or $0D4 is the ſaturated combination of 
ſoda with the nitric acid. It uſually appears in pretty large 
and very regular rhomboidal cryſtals. Its taſte is freſh, 
and ſomewhat more bitter than that of nitrate of potaſh. 
It is decompoſable by fire. It decrepitates, melts with dif- 
ficulty, and then volatilizing, affords a mixture of gas-oxy- 
gen with gas-azote—leaving- in the retort an alkaline reſi- 
due. It attracts moiſture from the atmoſphere, but with 
little energy. 2 parts of water, at the temperature of 600, 
are ſufficient to diſſolve 1 part of xrTRATE oF $0Da, Boil- 
ing water ſcarce diſſolves this ſalt in a greater proportion. 
Slow evaporation affords it in regular, rhomboidal cryſtals, 8 
each 6 or 8 lines, or ſometimes nearly an inch, in length. 
It detonizes on burning coals, and inflames any corabuſtible * 
body in contact with it. Silice expels the pitric acid, and fa 
| combines 
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Soda, and its Compounds . 


combines with the baſe. Alumin alſo ſeparates the acid, 'BOOK VE, 
and forms a frit with the alkali, Baryt detaches the acid, c. 5 


and leaves the ſoda pure. Potaſb attracts away the acid, 
Concentrated ſulfuric acid poured upon nitrate of ſoda, diſ- 
engages the nitric acid with efferveſcence. Neither ſulfate 
of potaſh or of ſoda, nor nitrate of potaſh, produces any 


alteration on this ſalt. NiTtRATE or $0DA is not found in 


nature; but is always a product of art. We obtain it—by 
the direct combination of the nitric acid with ſoda,—by de- 
compoſing with this alkali, ammoniacal, terrene, and me- 
tallic nitrates, —by decompoſing ſulfate of ſoda by the fum- 

ing ſpirit of nitre,—by decompoſing ſome nitrous ſolutions 
ef metals, with muriate of ſoda. 100 grains of niTrRATE 


oF $0DA contain 288,80 of acid, 50,09 of alkali, 21,11 of 


water. It is applicable to the ſame uſes as nitrate of pot- 
aſh ; but with leſs of energetic efficacy, on account of its 
ſtronger attraction for water, 

III. MuziaTs or $0Þ4, is better known by the name of 
culinary or common ſalt. It abounds in nature. In Spain, 
Calabria, Hungary, Muſcovy, Poland, Switzerland, Tyrol, 
England, and many other countries, this falt is found in 
vaſt maſſes in the bowels of the earth. Near falt-mines, 
are frequently ſalt-ſprings, from the waters of which, muri- 
ate of ſoda may be obtained by evaporation. The waters 
of the ocean afford the moſt immenſe ſtores of this ſalt in 
a ſtate of ſolution, and mingled with a diverſity of other 


ſalts and matters of various kinds. From theſe ſea-waters, 


it is extracted in vaſt quantities for common culinary uſes, 
at Saltcoatr, Prefonpans, and other places in Scotland; in 
many parts of England; in the ſouthern provinces of France, 
Evaporation, ſpontaneous or by artificial fire, affords this 
falt in cryſtals, and intermixed with thoſe other ſalts which 
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length volatilizes, but does not deſtroy it. 


— 


Sade, and its Compound. 

are known to co-exiſt with it in ſeawater. The water of 
the Baltic fea, is ſaid to contain in falt r part of its 
weight: The water of the Engliſh channel contains in 
ſalt 7, part of its own weight: Between the tropics, the 
ſea- water is ſaid to have from g; to part of ſalt. The 
Jeltonic ſalt- water lake in the Ruſſian dominions was once 
almoſt ſolid with ſalt; and heavy waggons were driven up- 
on it as upon ſtrong ice : But, in the year 1757, the pro- 
portion of the water began to increaſe : And it has ſince 
increaſed ſo much as now to form within the baſon, only a 
lake ſtrongly impregnated with ſalt. 


The cryſtals of MUR1aTz or $0D4, are very regular cubes, 


of a ſmaller or a larger ſize, in proportion as the evapora- 
tion has been ſlow or rapid. They ſtick together in hop- 
per · like cluſters. The taſte of this ſalt is well known not 
to be diſagreeable. - A lively heat makes it decrepitate by the 
ſudden rarefaction of its water of cryſtallization. After 
this decrepitation, the ſalt appears in a powder. Urged 
with a {till ſtronger heat, it at length becomes red-hot, and 
melts. Poured, in this ſtate of fuſion, upon a plane ſurface 
of marble, it forms a ſort of cr7yfal-mineral, Fire never de- 
compoſes this neutral ſalt. Extreme intenſity of heat at 
When pure, it 


rather becomes dry, than exhibits any tendency to deliqui- 


ate, in the atmoſphere. It is eafily ſoluble in water; 3 
parts of this fluid will-maintain in ſolution, 1 part of the 
falt. Boiling water diſſolves it not in any greater propor- 
tion than cold water. A very ſlow eyaporation is required 
to afford the ſalt from its ſolution, in regular cryſtals. The 
cryſtallization begins on the ſurface of the liquor. When 
there are terrene ſalts intermingled; theſe may be. preci- 


pitated by the addition of $004. MuntaTE or soi is 


capable 
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Soda, and its Compounds. 


capable of contributing to the fuſion of glaſs. It is uſed to —_— 
ECT. . 
— 


vitrify the exterior ſurfaces of certain coarſe pottery wares, 
in the Engliſh way of glazing. Silice does not alter this 
ſalt. Alumin acts with much leſs force on MUrlaTE on 
50DA, than on nitre. But a very ſmall quantity of weak 
phlegmatic acid is obtained by the diſtillation of alumin 
with MURIATE OF $0DA. That % de gabelle is very impure, 
by the diſtillation of which with a/umin or rather impure 


clay, the French manufacturers of aqua-fortis, obtain what 


is called ſpirit of ſalt. Bart decompoſes MURIATE or $0DA. 
Neither lime nor magneſia produces any alteration upon it. 
Pure potaſh decompoſes MUxIATE oF $0DA. The acids act 


in a very diſtinct manner upon this neutral ſalt. Concen- 


trated ſulphuric acid diſengages from it, muriatic acid gas 
with efferveſcence. Woulfe's apparatus is far the ſafeſt and 
moſt convenient, to be employed in this operation. The 
nitric acid decompoſing MURIATE oF $0DA, forms with its 
acid, that mixed acid which is known by the name of a- 
qua-regia or nitro-muriatic acid. Boracic acid with the help 
of heat, diſengages the acid from MUz1ATE or soDA; form- 
ing with the ſoda, a new neutral ſalt. | 

The uſes of MuslarR or son are very various. It 
ſerves for glazing ſeveral ſorts of earthen ware. Glaſs- 
makers uſe it to whiten and purify thin glaſs. In the aſ- 
ſay of metallic ores, it is employed as a flux to the matter 
forming the ſcoriz ; ſuch as may facilitate the precipitation 
of the metals, and defend them from the contact of the 
atmoſphere. The $0Da is extracted from MURIATE or so- 
DA in the great way, at Leith and at Newcaſtle, by a pro- 
ceſs which furniſhes bleachers, ſoap-boilers, glaſs-makers, 
and others, with this uſeful alkali at an expence conſider- 

ably ſmaller than that by which it was formerly obtained. 
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BOOK: VI. are 8 to n with it in ſeawater, ae water of 
— the Baltic fea, is ſaid to contain in falt r part of its 
weight: The water of the Engliſh E contains in 
ſalt 7, part of its own weight: Between the tropics, the 
ſea-water is ſaid to have from ; to part of ſalt. The 
Jeltonic ſalt-water lake in the Ruſſian dominions was once 
almoſt ſolid with ſalt; and heavy waggons were driven up- 
on it as upon ſtrong ice: But, in the year 1757, the pro- 
portion of the water began to increaſe : And it has ſince 
increaſed ſo much as now to form within the baſon, * a 
lake ſtrongly impregnated with ſalt. 

The cryſtals of MUR1aTz or $0D4, are very regular cubes, 
of a ſmaller or a larger fize, in proportion as the evapora- 
tion has been flow or rapid. They ſtick together in hop- 
per-like cluſters. The taſte of this ſalt is well known not 
to be diſagreeable. A lively heat makes it decrepitate by the 
ſudden rarefaction of its water of cryſtallization. After 
this decrepitation, the ſalt appears in a powder. Urged 
with a {till ſtronger heat, it at length becomes red-hot, and 
metts. Poured, in this ſtate of fuſion, upon a plane furface 
of marble, it forms a ſort of cryflai-mineral, Fire never de- 
compoſes this neutral ſalt. Extreme intenſity of heat at 
length volatilizes, but does not deſtroy it. When pure, it 
rather becomes dry, than exhibits any tendency to deliqui- 
ate, in the atmoſphere. It is eafily ſoluble in water: 3 
parts of this fluid will-maintain in ſolution, 1 part of. the 
falt. Boiling water diſſolves it not in any greater propor- 
tion than cold water. A very ſlow evaporation is required 
to afford the ſalt from its ſolution, in regular cryſtals. The 
cryſtallization begins on the ſurface of rhe liquor. When 
there are terrene ſalts intermingled; theſe may be. preci- 

pitated by the addition of opa. MuniaTE os so is 
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capable of contributing to the fuſion of glaſs. It is uſed to BOOK VL 
ys. Sect. VII. 

vitrify the exterior ſurfaces of certain coarſe pottery wares, (ay 
in the Engliſh way of glazing,” Silice does not alter this 
ſalt. Alumin acts with much leſs force on MUglaTE oF 
s0DA, than on nitre. But a very ſmall quantity of weak 
phlegmatic acid is obtained by the diſtillation of alumin 
with MURIATE OF $0DA. That /e/ de gabelle is very impure, 
by the diſtillation of which with alumin or rather impure 
clay, the French manufacturers of aqua-fortis, obtain what 
is called ſpirit of ſalt. Baryt decompoſes MURIATE OF soDA. 
Neither /ime nor magneſia produces any alteration upon it. 
Pure pataſb decompoſes MATE or $0DA. The acids act 
in a very diſtinct manner upon this neutral ſalt. Concen- 
trated ſulphuric acid diſengages from it, muriatic acid gas 
with efferveſcence. Woulfe's apparatus is far the ſafeſt and 
moſt convenient, to be employed in this operation, The 
nitric acid decompoſing MURIATE or $0DA, forms with its 
acid, that mixed acid which is known by the name of a- 
qua-regia or nitro-muriatic acid. Boracic acid with the help 
of heat, diſengages the acid from MUg1ATE or $0DA; form- 
ing with the ſada, a new neutral ſalt. | 

The uſes of MUrzIAaTE” or op are very various. It 
ſerves for glazing ſeveral ſorts of earthen ware. Glaſs- 
makers uſe it to whiten and purify thin glaſs. In the af- 
ſay of metallic ores, it is employed as a flux to the matter 
forming the ſcoriz ; ſuch as may facilitate the precipitation 
of the metals, and defend them from the contact of the 
atmoſphere. The $0Da is extracted from MURIATE OF so- 
DA in the great way, at Leith and at Newcaſtle, by a pro- 
ceſs which furniſhes bleachers, ſoap-boilers, glaſs-makers, 
and others, with this uſeful alkali at an expence confider- 
ably ſmaller than that by which it was formerly obtained, 
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Soda, and its Compounds. 


It is an agreeable ſeaſoning almoſt, univerſally uſed by mane 
;kind in their food. In a ſmall proportion it favours the 
putrefaCtion of animal ſubſtances ; in a large proportion, it 

is found to retard this putrefaction. In caſes of apoplexy 
and palſy it is put in the mouth, and uſed externally in 
baths as an excellent ſtimulant. It is in moſt caſes, a 


| powerful diſcuſſive. It is ſtrongly recommended as uſe- 


ful to diſſipate lymphatic tumours, occaſioned by ſcurvy. 
IV. Bos Arx or sop is a neutral ſalt formed by the fa- 
turation or rather ſuper- ſaturation of da with boracic acid. 
In the latter ſtate this ſalt is rather denominated noRAx 
than BokaTE. The countries of the Eaſt, Italy, and Hol- 
land afford this ſalt. In the Eaſt, it is found in nature. 
Thus alſo is it found in Tuſcany. In Holland, it is arti- 
ficially prepared. It is ſaid that this ſalt may be prepared 
artificially by mixing in a trough, greaſe, clay, and dung, 
in alternate layers; watering this collection at proper times; 
leaving it untouched for ſeveral years ; at laſt forming theſe 


matters into a lixivium, and ſubjecting that lixivium t to e- 


vaporation. 


However obtained, it appears in its pureſt ſtate in the 
form of ſix- ſided priſms, having two of the fides larger 
than the reſt, with tribzdral pyramids. It diſplays many 
varieties of cryſtallization. Its taſte is ſtiptic and urinous. 
Containing an extraordinary proportion of sopa, it com- 
municates, in conſequence of this, a green tinge to ſyrup 
of violets, By fire, it loſes its water of cryſtallization ; 
ſwells to a conſiderable bulk ; aſſumes the form of a light, 
porous, and very friable maſs ; but remains (till unaltered 
in its compoſition, {till ſuſceptible of being reſtored by ſo- 
lution and a new evaporation to its primary form. But by 
the application of more intenſe heat, we can bring it into 
fuliong 
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fuſion, by which it forms a tranſparent greeniſh glaſs. It BOOK VL 


ſuffers no alteration from air, except an effloreſcence on "y 


the ſurface by the loſs of ſome part of its water of cryſtal- 
lization. It is eaſily ſoluble in the proportion of 12 parts 
of water to 1 of Bokax. It is obtained by cooling and by 
ſlow evaporation, in fine cryſtals. It ſerves as a flux to 
Alice; joining with it to form a very fine glaſs. It likewiſe 
cauſes alumin to vitrefy, but with much more difficulty, and 
much more imperfectly. We know not well what are the 
reactions of this ſalt with baryt and magnefia. Lime has a 
greater affinity than ſoda, with this ſalt. If nokax os so- 
pa and lime be boiled together, an almoſt inſoluble faline 
combination of lime with boracic acid will be produced. 
Pataſb appears to decompoſe Boxax or sopa, as well as all 
other neutral ſalts having 80a for their baſe. The acids 
act in a very diſtin manner as BORAT OF soDA. Sulphuric 
acid precipitates the pure boracic acid from a ſolution of 
BORKAX OF SODA. The nitric and the muriatic acids like- 
wiſe decompoſe this ſalt. The fuoric and even the carbonic 
acid appear alſo to be capable of detaching the boracic 
acid, None of the alkaline neutral ſalts, whether ſulphuric, 
nitric, or muriatic, acts upon BORAX OF S0Da. Borax is 
of geeat utility in the arts. It is uſed as an excellent flux 
in glaſs-making, and in the affaying of metals. It is uſed 
in ſoldering metals, to make the mixture run, which is de- 
ſigned for the ſolder; and to ſoften the ſurfaces of the 
metals which are to be united. It was once much uſed in 
medicine. | | pts 
V. FLuaTE or $0DA is ſaid by SCHEELz to form a gela- 
tinous maſs, — by other chemiſts, to afford minute, hard, 
brittle cryſtals, of an oblong ſquare figure, a bitter taſte, 
and ſomewhat ſtiptic. It decrepitates on burning coals ; 
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the aſhes of ſea-weeds ; may be artificially formed by wet- 
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BOOK VI. and diſſolves with ſome difficulty in water. It is decom- 


poſable by lime-water. 'The ſulphuric diſengages the flu- 
oric acid with efferveſcence. 


VI. CarBONATE or $0DA is a combination of the car- 
bonic acid with this alkali. This combination was, moſt 


probably, the NaTRoN of the ancients. It is ſuſceptible of 


cryſtallization and effloreſcence. It has an alkaline urin- 
ous taſte, communicates a green colour to ſyrup of violets, 


contains almoſt always the full quantity of carbonic acid 
neceſſary to its ſaturation and cryſtallization. Its cryſtals 
are in rhomboidal plates diſpoſed obliquely one over an- 
other, like tiles on the roof of a houſe. By flow cryſtal- 


 lization, it aſſumes the form of rhomboidal octohædrons, 


with pyramids truncated near the baſe, or ſolid decahæ- 
drons with two acute and two obtuſe angles. It melts 
more eaſily than carbonate of potaſh. It loſes ſome ſmall 
part of its acid by heat. 100 parts of CARBONATE OF sop4 
have been found to contain 16 parts of the acid, 20 of pure 
alkali, 64 of water. It is alſo more ſoluble than carbonate 
of potaſh. It diſſolves in 2 parts of cold, or 1 part of boil- 
ing water. It cryſtallizes by cooling. Expoſed to the air 
it readily crumbles down into duſt. It contributes greatly 
to the fuſion of vitrifiable earths, and forms with them a 
glaſs leſs liable to alteration than that which is in part com- 
poſed of carbonate of potaſh. It has more influence than 
carbonate of potaſh upon alumin. Baryt, as well as lime, 


decompoſes this ſalt. A ſolution of it poured into a ſolu- 


tion of lime, produces a precipitate of chalk. It is decom- 
poſable by the /u/feric, the nitric, the muriatic acids, &c. 
This CARBONATE or $0D4 is found in Egypt at the ſurface 
of the earth; abounds but not in complete ſaturation in 


ting 


718. 
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ting the ſides of a veſſel with a ſolution of SODA, and then BOOK VI. 
15 SECT, VII. 


pouring in at its mouth, a quantity of carbonic acid. It 
applied to all the fame purpoſes with carbonate of potafh. 
It is much more uſed in manufactories of ſoap and glaſs. 
VII. PHosPHATE OF $0DA is a ſalt of an agreeable taſte, 
formed by the union of phoſphoric acid with this alkali. It. 
does not eaſily cryſtallize ; is often reduced by evaporation 
into a gummy matter, apt to run into threads; is alſo de- 
liqueſcent. There may be obſerved in this matter, needles 
diſpoſed in radii which indicate an incipient cryſtallization. 
A little more ſoda added to ſuper-ſaturate the acid, inſtant- 
ly effects a change in the properties of this neutral ſalt. 


Its taſte is now urinous; it turns ſyrup of violets green; 


it cryſtallizes in large parallelograms; it effloreſces in the 
air It does not afford phoſphorus with carbon. It is 


called ſuper-ſaturated phoſphate of ſoda. | 


VIII. SUCCINATE or $0DA is a ſalt of which the cryſtals 


are conſiſtent. | 

IX. AcgTITE or $0DA is the ſaturated combination of 
acetous acid with ſoda. It cryſtallizes in ſtriated priſms, like 
thoſe of ſulfate of ſoda, and does nat attract moifture from 
the atmoſphere. It is obtained in regular cryſtals by the 
evaporation and cooling of its ſolution. It is decompoſable 
by fire and by the mineral acids, Diſtilled by a ſtrong 
fire, it leaves a pyrophorous reſidue. It is a powerfully diſ- 
cuſſive and aperient medicine. 

X. ACETATE or $0DA, the ſaturated combination of ſoda 
with the acettc acid, has not yet been examined. | 

XI. TarTaRiTe OF $0DA is a cryſtallizable neutral ſalt 
formed by the union of zartareous acid with this alkali. It 
is well known in medicine by its old name of / de Sæig- 


nelle. | 
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BOOK VI. XII. Prro-TARTARITE OF $0D4 is known to be cryſtal- 
Sect. VII.; , 
— lizable and ſoluble in water. 

XIII. OxaLaTz or $0DA is the ſaturated combination of 
| ſeda with that oxalic acid which is obtained from ſorrel, or 
from ſugar. In this ſalt the acid exiſts in the proportion 

of „he ſoda in the proportion of 3. It is ſcarcely ſo- 
luble z but diſſolves beſt in hot water. It turns ſyrup of 
violets green. The acid in exceſs forms with the ſame 
baſe, ACIDULOUS OXALATE OF SODA, Which is ſcarcely ſo- 
luble. 
XIV. GarrIArz oF $oDA is formed by the combination 
of gallic acid with ſoda. But, its properties are hitherto un- 
known. 

XV. CITRATE or sopa, the ſaturated combination of 
ſoda with the citric acid, is alſo a ſalt of unknown proper- 
XVI. MarLArR os $0Da, the combination of this alkali 
with the malic acid, is a deliqueſcent, neutral ſalt. | 

XVII. BENzoATE or $0DA has not yet been examined. 

XVIII. Prro-LiGniTE or SODA remains {till to be ex- 


XIX Pro-uvcrrx or $0DA is as little known. 

XX. CAMPHORATE OF $0DA is a neutral ſalt in irregulas 
cryſtals. | 
XXI. CorTarTs oy sopa, formed by the union of the 
cortic acid with foda, is a deliqueſcent, neutral ſalt. 

XXII. LacTATE or $0D4, is a deliqueſcent ſalt. 

XXIII. SACCHoO-LACTATE OF so is a cryſtallizable ſalt; 
and is ſoluble in 5 parts of water to 1 part of this ſalt. 

VNV. ForwiaTs or $0DA is a neutral ſalt, concerning 
which we have not yet been able to obtain much informa- 
tion. 
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ae, till examined and exhibited in a new form by the 


Diſcovery 


of AMMONI» 


AC, 
2. 


Its charac- 


ter. 


Anmoniac, and its Compounds. 


SECTION EIGHTH. 


OF AMMONIAC, AND ITS COMPOUNDS. 


Annona was unknown to the world in its pure, Gmple 


ingenious experiments of BLAck and PRiesTLEY. A neu- 
tral ſalt was long miſtaken for this pure volatile alkali. 

Pure AMMONIAC is obtainable by diſtillation from that 
liquid ammoniac which is common in the laboratories. It 
reſembles air; and has the ſame tranſparency and elaſticity. 
But, it is rather lighter than common air; has a pungent, 
penetrating ſmell ; is acrid and cauſtic to the taſte. It in- 
ſtantly converts the blue colour of violets, mallows, and 
radiſhes into a deep green; but, does not, like the fixed 
alkalis, finally deſtroy that colour. It is noxious to ani- 


mals. It corrodes the ſkin, if held in contact with it for 


any length of time. It extinguiſhes inflammation ; yet 


* augments, before ſuffocating the light of a wax-candle, 


It is abſorbed by porous bodies, ſuch as charcoal, ſponge, 
&c. lt is one of thoſe elaſtic fluids which heat dilates the 
moſt. Atmoſpheric air dilates and divides it. It is readi- 
ly abſorbed by pure water. It has no diſcernible reaction 


on the earths and ſalino-terrene ſubſtances. Liquid Au- 


MONIAC poſſeſſes,. —only with inferior ſtrength, — the ſame 
properties as the Gas, 2 
Although till arranged, in compliance with prejudices 
which we dare not too ſtrongly oppoſe,—among the ſim- 
ple ſubſtances; Gas aMMONIAC is, now, moſt certainly 
known to be a couyounD. The manner in which it had 


been obſerved to act on the flame of a wax-candle, ſeemed 
| to 


* 


Ammoniac, and its Compounds. 


_ 
to hint, that gas hydrogen might perhaps either — + 1c” 
EC, 


it, or enter into its compoſition. Px1esTLEY diſcovered,, f 
that the electric ſpark, paſſed through Gas AuMoxlac, 3. 
rendered its bu k thrice as great as before, and likewiſe —— 
diſengaged from it, a quantity of gas hydrogen. Bra THor- ture. 
Lr, by a ſubſequent ſeries of experiments, deciſively aſ- 
certained GAS AMMOWIAC to be merely a combination of 
gas hydrogen with gas azcte, rendered acriform by the pre- 
ſence of a due proportion of caloric. This inference was 
deduced, particularly from the action of oxygenated muria- 
tic acid upon AMMONIAC, from the decorapoſition of am- 
moniacal nitrate in cloſe veſſels, from the reduction of me- 
tallic oxyds by means of ammMoniac. BERTHOLLET con- 
cludes AMMONIAC to conſiſt of 6 parts of azote with 1 part 
of hydrogen, and a certain proportion of ca/oric. Dr Auſtin 
having made alſo ſome valuable experiments upon this ſub- 
ſtance, deſcribes 4MMONIAC as conſiſting of ate to hydrogen 
in the proportion of 121 to 32. 

AMmMon1ac forms with the acids, a peculiar claſs of neu- 
tral falts, which we are now to enumerate and deſcribe. 

I. Sur.raTE OF AMMONIAC refults from the ſaturated 


combination of AMMoNIAC with ſulphuric acid. In its puri- 5 
ſalts into 


ty, it appears in the form of needles, which, if carefully ex- hich it em. 


amined, are found to be flattened priſms of fix faces two ters. 
very large, and terminating in ſix-· ſided pyramids, more or 
leſs irregular. Sometimes this ſalt appears in quadrangu- 
lar priſms. Sometimes, in very thin ſquare plates. It is 
bitter and urinous; light; and friable. It contains in its 
cryſtals, ſuch a proportion of water as to be liable to lique- 
faction by moderate heat. At a red-heat, it melts by igne- 
ous fuſion ; and a part of the ſalt is now ſublimated, while 


another part remains fixed in the veſſels. It ſuffers ſcarce 
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BOOK VI. any alteration from air. It diſſolves very readily in water; 


Sec, VIII. 


Amminiat, and its Compounds. 


2 parts of cold water diſſolve 1 part of ammonical ſulfate : 
boiling water diſſolves of it, a quantity equal to its own 
weight. Its fineſt cryſtals are obtained by inſenſible and 
ſpontaneous evaporation. It acts not on either alumin or 
Alice. It is in part decompoſable by magneſia. Lime, baryt, 
potaſh, and ſoda diſengage the auuoniac from this ſalt. By 
double decompoſition the carbonic acid may be brought to 
detach its baſe. Nitric and muriatic acids ſeparate a part 
of the ſulfuric acid from ammomiacal ſulphate, This ſalt is 
never found in nature z unleſs, perhaps, in the vicinity of 
volcanoes. Art produces it by a direct combination of the 
ſulphuric acid with aMmoniac, by decompoſing earthy or 
metallic ſalts with amMonriac,—by decompoſing nitric, mu- 
riatic, and carbonic ammoniacal falts with ſulphuric acid. 
Surrharz OF AMMONIAC is not uſed in medicine or in the 
arts. 

IT. NrraarE oF AMMONIAC is a product of art, prepared 
by the direct combination of the nitric acid with ammoniac. 


Its cryſtals are commonly priſms z ſometimes, beautiful 


needles reſembling thoſe of common nitre, or of ſulphate 
of potaſh. Its taſte is bitter, pungent, freſh, and urinous. 
It is equally friable as ammoniacal ſulphate. By the ac- 
tion of fire, it liqueſies, exhales aqueous vapours, becomes 
dry, detonizes even in cloſe veſſels, and although not in 
contact with any combuſtible matter. From ſome fine ex- 
periments by M. BexTHoLLET, it appears that in this laſt 
inſtance a decompoſition of the auMoniac actually takes 
place; and that the nitric acid is, at the ſame time, decom- 
poſed . The hydrogen of the amwoniac, combining with 
the oxygen of the nitric acid, forms a portion of water; 
and there is a large diſengagement of gas-azote developed 
from 


Ammoniac, and its Compounds. 


from both the alkali and the acid. We know not whether BOOK VL. 
this ſalt be ſuſceptible of igneous fuſion : It is diſſipated be- © YOE 


fore it can be brought to the trial. It feebly attracts the 


moiſture of the atmoſphere. Its cryſtals agglutinate, and 
form a ſort of clods. It is eaſily ſoluble in water. It com- 


bines with ice, and meits it with a conſiderable cold. It 


diſſolves more readily in hot than in cold water: 4 a part 
of hot water retains in ſolution 1 part of the ſalt. Spon- 
taneous or inſenſible evaporation is the proceſs for obtain- 
ing it in regular cryſtals. It is decompoſable by baryt, 
lime, and the fixed alkalis. The ſulphuric diſengages the 
nitric acid from this ſalt with that efferveſcence which al- 
ways takes place whenever one acid is expelled out of a 
neutral ſalt by another acid. Carbonate of potaſh or ſoda 
decompoſes this ſalt, and is decompoſed by it. The Au- 
MONIAC is ſublimated in a concrete form, AMKONIACAL 
NITRZ is not applied to any uſe. 3 

III. Muslars or aAMMONIAc the ſaturated combination 
of AMMONIAC with muriatic acid, is a ſalt to which the an- 
cients gave the name of ſal ammoniac, becauſe they were 
wont to procure it from the vicinity of the temple of Ju- 
piter Ammon on the confines of Libya. It is found in 
places contiguous to volcanoes. It is prepared in Egypt 
from camel's dung by a proceſs which was at length made 
known in Europe. The Egyptian proceſs colleQs the 
ſoot of camel's dung which is there burnt as fuel; 


takes a number of large oval bottles, fills them with 


ſalt; ſubjects them to heat in an oven; burns under them 
for three days and three nights a fire of camel's dung ; at 
laſt breaks the bottles, and takes out the ſalt which is found 
to have been ſublimated into the necks, and the parts con- 
tiguous to the necks of the bottles. From India, this ſame 
falt 
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Ammoniac, and its — | 


BOOK VI. falt is procured in truncated cones reſembling ſugar-loaves, 
Sxc. VILE In France, in Scotland, and in England, fal ammoniac has 


been prepared—by extracting the ammoniac from animal 
ſubſtances of all kinds, bones, feathers, horns, and from 
common ſoot, — by forming with the addition of ſulphuric 
acid, SULFATE OF AMMONIaCc,—by decompoſing this ful. 
phate of ammeniac with common ſalt which acts upon it by 
double affinity. Mr Davy conducts a conſiderable manu- 
facture of this ſalt at Edinburgh. The Earl of Dundonald 
ſuggeſted an ingenious proceſs for extracting Au MONA 
from pit- coal, which, however, has not proved finally ſuc- 
ceſsful in eſtabliſhment'as a manufacture. The European 
MURIATE OF AMMONIAC is purer than that from the Eaſt. 
This ſalt, is thus obtained in long hexahzdral pyramids z 


ſometimes grouped in numbers together, ſo as to exhibit 


the form of feathers. Sometimes, but not often, they are 
formed in cubic cryſtals, in the middle of the concave, hol- 
low part of the ſublimated cake. Mourtatt or aMMoNIac 
poſſeſſes the ſingular property of yielding with a fort of 
ductility to the fingers or the hammer, and of being in 


. conſequence of this, not eaſily reducible to a powder. It 


is wholly volatile ; but requires a very ſtrong fire to ſubli- 
mate it. By means, however, of this ſublimation, it is ob- 
tained in its greateſt purity, and in a maſs of ſtriated needles 
longitudinally joined together. If the heat be too ſtrong, 
what we obtain, is only a ſhapeleſs, thick, and ſemi-tran« 
ſparent maſs. MuRrIaTE OF AMMONIAC- is liable to no al- 
teration from the air. It readily diſſolves in water: Six 
parts of cold water diſſolving 1 part of the falt. Cold ac- 


companies the change; and this in a degree peculiarly ſen- 


fible, if the ſalt be mixed with ice. The artificial cold 
thus obtained, is uſcfully applied to the cryſtallization of 
ae | certain 


Ammoniac, and its Compounds. 18 2 37 


ecrtain falts, the fixation and preſcevation of certain liquids BOOK VI, 
Sec. VIIL 
naturally very ſubject to evaporation, and other importan — 
uſes in chemical practice. Boiling water diſſolves nearly 
its own weight of this ſalt. The ſalt is cryſtallizable by 
cooling, — but more regularly by flow or ſpontaneous eva» 
poration. Strong ſolutions of this ſalt, if ſet aſide in a 
flaſk for a few days, will often be found to exhibit a cryſ- 
tallization exceedingly like to the diffuſion of the ſprouts and 
branches of a vegetable. Alumin does not decompoſe mu- 
riate of AMMoNIac. Magnefia decompoſes it with difficul- 
ty. Lime and baryt both ſeparate the amMoNIac even 
cold from the muriatic acid. By the trituration of uuR 
aTE OF AMMONIAC with lime, the volatilization of the Gas- 
AMMONIAC is immediately effected. Woulfe's apparatus 
ought to be employed in experiments for the purpoſe of 
examining this phznomenon. Potaſh and foda. both de- 
compole MURIATE OF AMMONIAC ; diſengaging the Auuo- 
Nic in its pure gazeous form. The ſulphuric and the nit- 
ric acids ſeparate the muriatic acid from this ſalt; entering 
themſelves into combination with the aumoniac. Scarcely - 
any of the alkaline neutral ſalts acts upon a4MMONIACAL 
MURIATE., Thoſe indeed into whoſe compoſition the car- 
bonic acid enters, have power to decompoſe it by double 
affinities. MurIaTE OF AMMONIAC is applied to various 
purpoſes ; as a diſcuſſive, in obſtructions and intermittent 
fevers; as a powerful antiſeptic in caſes of gangrene : It is 
uſed in dyeing, by metallurgiſts in the ſoldering of diffe- 
rent metals, by braziers to clear the ſurface of copper 
which they are to cover with tin. 
IV. BoraTE oF AMMONIAC is the neutral ſalt nad 
by combining aMMoNIlac with boracic acid. It affords 
eryſtals united in a ſtratum, and exhibiting on the ſurface 
polyhzdral 
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* — polyhædral pyramids. Its taſte is poignant and urinous. 


— It turns ſyrup of violets green, gradually loſes its cryſtalline 
form, and becomes brown by the action of the external 
air. It readily diſſolves in water. Lime diſengages the 
AMMONIAC. It is not yet ſufficiently known; nor applied 

to any uſe. 
V. FLUATE oF AMMONIAC is alſo a neutral ſalt very lit- 


tle known, Scnrrs and BoULLaNGzR agree in repre- 


Tenting it, as not apt to cryſtallize, bur diſpoſed rather to 
aſſume a gelatinous form; and as exhaling vapours like 


thoſe of muriatic acid, when an addition of ſulphuric acid . 


3s preſented to it, 


VI. CARBONATE OF AMMONIAC is a ventral: ſaline com- 


dination of A4MMoNIAC with carbonic acid. It does not ex- 
iſt in nature in a pure inſulated ſtate; but may be obtained 
from almoſt any animal ſubſtance by the action of fire. It is 
alſo formed in the direct combination of auMoniac with 
curbonic acid, by fhaking that alkali in the upper part of a 


veſſel containing fermenting liquor, by cauſing the car- 


bonic acid to paſs into volatile ſpirit of alkali,—by pouring 
this acid into a veſſel of which the fides are wet with Au- 
MONIAC diluted in water,—by a direct combination of car- 

 bonic acid-gas with Gas-4aMMONIAC in a veſſel over mercury. 
In all theſe caſes, the canBonaTE oF aAMMONLAC is inſtantly 
formed in cryſtals. The fame falt may likewiſe be obtain- 
ed by decompoſing ammoniacal muriate with carbonic neu- 
tral ſalts having a baſe of potaſh or ſoda, 

The cryſtals of caxBONaTs OF AMMONIAC are polyhæ- 
dral priſms. Its taſte is urinous, but much more faint 
than that of pure caꝶſfie amuoniac. It communicates 2 
green colour to ſyrup of violets. The leaſt heat will en- 
tirely ſublimate jt. It is therefore almoſt impoſlible to ob- 
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ly diſſolves in water; producing cold at the inſtant of its 
ſolution. Two parts of cold water diſſolve rather more 
than one part of this falt : warm water diſſolves more than 
a quantity equal to itſelf in weight. When not entirely 
faturated by the acid, it is apt to become moiſt if expoſed 
to the atmoſphere. - Neither f/ice nor alumin acts upon it, 
Magneſia decompoſes it, but with a very feeble energy. 
Lime detaches the acid. Trituration of caxBonarteE os 
AMMONIAC with quick lime will give GAS-AMMONIAC ; 
which may be ſtill better obtained from the ſame mixture, 
by heat, and with Woulfe's pneumato-chemical apparatus. 
The fixed alkalis, too, decompoſe this ſalt. The ſulphuric, 
the nitric, the muriatic, and the fluoric acids accompliſh 
the ſame decompoſition. BerGman found by accurate ex- 
periments, that 100 parts of CAxBONATE Oo AMMONIAC in 
cryſtals, afford 45 of carbonic acid, 40 of aMMONIAC, 12 
of water. 'The boracic acid, if cold, does not decompoſe 
this ſalt z but, a hot ſolution of boracic acid poured on ca- 
BONATE OF AMMONIAC, occaſions an efferveſcence, and ex- 
pels the carbonir acid. On the perfect neutral falts, this 
ſubſtance acts only by double affinities AMMONIacaL 
CARBONATE is uſed in medicine, as a ſudorific, an anti-hy- 
ſteric, &c. It is mixed for this purpoſe with ſome aroma- 
tic matters. In medicine, it is in general purgative, inci- 


ſive, diuretic, diaphoretic, and diſcuſſive. It is given in 


dozes of a few grains in certain drinks, or in pills mixed 
-with opium. ; | 


VI. ProsrHaTE or AMCMONIAC is more ſoluble in hot 


than in cold water ; affords by cooling, cryſtals not unlike 


to thoſe of alum ; is decompoſable by heat, by baryt, lime, 
znd the fixed alkalis. 
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nin this ſalt very ary and regularly cryſtallized. It readi- our vis 
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BOOK VI. 
Sec, VIII. 


. 


Ammoniac, and its Comfounds, 


VIII. Svecinare oF AMMONIAC,. is known only to be a 
'cryſtallizable, deliqueſcent, peculiar, neutral ſalt, formed by 
the union of the ſuccinic acid with ammoniac. 

IX. AcETITE OF AMMONIAC, is the liquor well known 
by the name of ſpirit of mendererus., It may be obtained 
by ſlow evaporation in needled cryſtals of a very pungent 
taſte, hot, and attracting moiſture from the atmoſphere. 
It is decompoſable by the action of fire, by lime, by the 
fixed alkalis, by thoſe which are called the mineral acids. 


Much of it is loſt in the attempt to cryſtallize it by evapo- 


ACETATE OF aMMOxIac, the combination of this alkali, 


rot with the acctous, but with the acetic acid, is a peculiar 


neutral ſalt, not yet ſufficiently known. 

X. TARTARITE OF AMMONIAC is a cryſtallizable nenen 
ſalt formed by combining auwox14c with the pure tarta- 
reous acid. Exceſs of the ammoniac will form with the 
ſame acid, a ſcarce ſoluble tartareous acidulun. 

XI. PYRO-TARTANITS or AMMONIAc has not yet been 


examined, 
XII. an OF AMMONIAC is cryſtallized in quadrila- 


teral priſms, is decompoſable by fire, if ſuperſaturated with 


ammoniac, becomes an acidulum, the cryſtals of which are 
much leſs ſoluble than thoſe of the pure neutral ſalt. 
XIII. GarLare OF AMMONIAC is a neutral ſalt of un- 
known properties. Ne 
XIV. Cirxarx or ammonlac hag not been examined. 
XV. Mararx or AMMONIAC is a deliqueſcent neutral 
falt. 1 * 
XVI. BzNzoaTE or 4MMONiAc has not yet been exr 


amined, 
XVII. 


Ammoniac, and its Compounds. 24 
XVII. Preo-LicxiTs of AMMONIAC has not been ex- BOOK vi. 
A Sect, VIII. 
amined. 
XVIII Prac-uberre or ammoNIAC remains alſo to be 
hereafter examined. | 
XIX. CaMPHoRATE or AMMONIAC preſents itſelf in need 
led or priſmatic cryſtals. 
XX. Lacrarx or AMMONIAC is known to be a deliqueſ- 
cent, neutral ſalt. y 
XXI. SACCHO-LACTATE OF AMMONIAC is 2 neutral falt 
very eaſily decompoſable by heat. 
XXII. FokmIaTE OF AMMONIAC is an unknown neutral 
falt. 
XXIII. LiTHIatz OF AMMONIAC is 2 neutral ſalt which 
muſt be farther examined. 
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SECTION NINTH. 


ADAMANTINA. 


— Ber the earths and alkalis which have been, in this 
Ly =>) book, already enumerated, and traced through their moſt 
= Aub, eminent, neutral combinations; the reſearches of modern 
chemiſtry, have lately diſcovered ſome other terrene ſub- 

ſtances, which, ſo far as they are at preſent known, ap- 

pear to be perfectly peculiar. Theſe are AbaMANTrINA or 
adamantine earth ;—Ceylonica or earth from Ceylon ; — Sydneia 

or earth from New South Wales, contiguous to Botany Bay ; 

— Strontiana or flrontites,—earth from Strontian in Scotland. 

The following are the moſt remarkable properties of the 


 ADAMANTINA. 

8 It is obtained from adamantine ſpar ; an oriental foſſil; 
of aDaMan-Which is known to exiſt, —.cither in grey ſix- ſided priſms, 
TINA, without pyramids, —or in a whiter variety which is, in its 
contexture, more decidedly ſpathoſe. This ſtone, that diſ- 
tinguiſhed chemiſt, Klapreth, analyſed by—expoſing it to a 

fuſion of five hours continuance, in a filver crucible, and 

in contact with 15 times its own weight of pure ſoda ;-- 

adding boiling water to the maſs; — filtering it, while thus di- 

luted ;—and then faturating the alkali with an acid, which 
detaching it, left the earth ſeparate. A part of the ada- 

mantine ſpar, remaining ſtill undecompoſed ; this he digeſ- 

ted with concentrated, boiling acids. After no fewer than 

12 repetitions of this proceſs, the ſtone was completely de- 

compoſed ; 
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Abad; 


compoſed 4 and was found to conſiſt of 2 parts of 


The aDamaNTINA, thus obtained, is inſoluble by fuſion 
with alkalis ; and is not ſubject to be acted upon by acids. 


Its nature is therefore peculiar z and it cannot be traced | 
tions. 
22 


through neutral 
b 


with 1 part of a peculiar earth, —the AbANMANTIxA. 


Ceylonira. 
SxkorfroN TENTH. 


CEYLONICA, 


wg vi Fos our knowledge of this peculiar earth, we are indebt- 
—— ed likewiſe to M. Klaproth, It was extracted by him from 
| Whence the jargon of Cylon; 2 ſtone of a pale yellowiſh green colour, 
cerLonica inclining to red; in figure, a four-ſided priſm, terminated 
. by two obtuſe pyramids, which are compoſed, each of four 
iſoſceles triangles. Its ſpecific gravity is 4,6 15; deing thus 
greater than that of any other ſtone. - 
In the proceſs, it was ignited thrown into water for the 
Procefs for ben of diminiſhing its coheſion ; levigated upon por- 
ER, phyry; then fuſed in a ſilver crucible, and in contact with 
a large proportion of cauſtic fixed alkali, This fuſed maſs 
was treated with water and with muriatic acid; and this 
part of the proceſs was repeated, till the whole was diſſolv- 
ed by theſe fluids. Carbonate of potaſh was then added, 
to detach and ſaturate the acid, A peculiar precipitate was 
obrained, ia conſequence of this ſaturation. Digeſtion of 
this precipitate with muriatic and with ſulphuric acid, af- 
forded, at laſt from it, a conſiderable portion of ſilice, a 
ſmall portion of nickel and iron, a much larger proportion 
of a peculiar earth which, on account of its ſolubility in 
acids, remained in ſuſpenſion. | 
8 Hs 4 1 This earth is the pure and genuine cexyLoxica. The 
properties. following are its moſt remarkable properties. Precipitated 
| by carbonates, of potaſh, and ſoda, it exhibited no efferveſ- 
cence. It exhibited no previouſly known combination with 
ſulphuric acid ;—but a peculiar ſalt, exceedingly different 
from ponderous ſpar. It was ſoluble by borax; but not BY 
either ſoda or microcoſmic ſalt. 
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A. MI XTURE of fine white —_ loft whita * ſome BOOK VI, 
colourleſs micaceous particles, and a few black particles, nog * r. XI. 
unlike to black lead, was brought from New SW 
Wales, and put into the hands of the late Mr Wedgewood — 
by Sir Joſeph Banks. 

Tried with the different acids, this mixture, exhibited 
with ſeveral of them, no remarkable phænomena. With 
concentrated ſulphuric acid, it yielded, by due manage- 
ment, a very {mall portion of alumin. Muriatic acid, di- 
geſted with it, nearly at a boiling heat, acted on it with 
frequent exploſive burits, and took up about th of the 
whole quantity. Pulverization and calcination deſtroyed 
the black colour, and th of the weight of the crude mi- 
neral, but left it as diflicult of ſolution, as at the firſt. 'The 
addition of water to the muriatic ſolution, produced from 
it, a white precipitate. This white precipitate was found 
to be ſoluble—only in ſtrong muriatic acid. The nitro- 
muriatic acid is capable of maintaining the white matter in 
ſuſpenſion. | 

This white matter, having particularly, theſe relations to 
muriatic acid,—is the SYDNE!A or earth of New South 


Wales, It is much more fuſible than any of the other of 
: imple earths. In a heat of from 142 to 156 of Wedge- © 1 
7 WH wood's pyrometer, it was found to melt in contact with a- | $3 

ſumin, with filice, with chalk, with lime, with magneſia, 2 
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BOOK YT. with baryt, and with carbonate of baryt, in various experi. 
ments. Its ſaturated ſolution in muriatic acid, does not 
| cryſtallize, but affords a deliqueſcent-maſs, to ſeparate the 
acid from which, there is required—almoſt a red heat. It 
is not precipitable either by water or by the pruſſian 

alkali. | 
Mr Klaproth, indeed, from late experiments, has been 
../ 2 * rather'indlined to reject the iden of the peculiarity of this 
earth. The only products which he could by any experi- 
tf ments obtain were alumin, ſlice, and iron, unaccompanied 
with apy indication of the preſence of aoy other principle. 
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Strontiana or Strontitet. 


SECTION TWELFTH. 


S$TRONTIANA OR STRONTITES. 


Bind at a loſs to diſtinguiſh by what analogy of derira- ok vr. 
tion, the name of srRONTITEs has been impoſed upon that Sf. XII. 


peculiar terrene ſubſtance of which the qualitics are here 


about to be enumerated ; I ſhouid rather prefer for it, the 


appellation of sTRONTIANA. 


The mines of. Strontian in the ſhire of Argyle in Scot- 
land, have been found to afford a ſparry ſubſtance; of a 
fibrous texture; of a greeniſh colour—yet ſometimes quite 


colourleſs ; exiſting frequently in hexagonal cryſtals ; vary» 
ing in its ſpecific gravity, from 3,650 to 3,726; infipid ; 
ſoluble in 800 times its own quantity of water ; efferveſ- 
cent with acids; yielding in ſolution, carbonic acid in the 


proportion of 30,2 grains out of every 100; by moderate 


heat, liable to crackle and loſe its tranſparency ; by intenſe 
heat, ſubject to loſe 38,79 out of every 100 parts of its 
weight, and to be made uniuſceptible of farther efferveſ- 
cence with acids; in ſolution, capable of changing the col- 
our of paper ſtained with the juice of violets or of radifhes, 
to a green. 100 parts of Strontian par, contain 61,21 of 
STRONTIANA 3 30, 20 of carbonic acid, 8,59 of water. 

Pure $TKONTIANA or earth of $T&ON'Tlaw is ſoluble in 


about 180 times its own weight of cold water. Boiling: 


water, however, diſſolves the earth in a much larger pro- 


portion. By cooling, it is depoſited from this ſolution, in , 


cryſtals which are tranſparent, colourleſs, in the ſhape of 
quadrangular plates ſometimes ſquare—-more commonly, 
#blong—ſometimes in parallelopipeds or cubes. In the 

Qs a 


| Strontiana or Strontites. 

air theſe cryſtals become white, powdery, efferveſcent, and 
loſe n part of their weight. Their water of cryſtallization 
is found to amount to no leſs than 68 parts in every 100. 


Diſtilled water at the temperature of 60 Fahrenheit, diſ- 
ſolves this cryſtallized s TON TIANA at the rate of 8,5 grains 


of the earth for every ounce of the water. At a boiling 
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temperature, an ounce of water diſſolves no leſs than 218 
grains of the earth. Concentrated, nitric acid, unleſs when 
aſſiſted by heat, is little capable of re- acting upon this 
earth. Diluted with water, this acid diflolves the earth 
with great force and rapidity. Nitrate of ftrentiana eryſtal- 
lizes in octohædral figures, conſiſting of two quadrangular 
pyramids joined at the baſes. Theſe cryſtals effloreſce in 
a dry atmoſphere, deliqueſce in a moiſt one, are ſubje& to 
deflagrate on hot coals, and decrepitate by heat in a cruci- 
ble. Strontiana is alſo ſoluble in muriatic acid: And the 
ſolution of muriate of flrontiana, affords the ſalt cryſtallized 
in hexagonal priſms: which are found to contain 42 per 
cent. of water of cryſtallization. Pure Hrontiana, as well as 
all its different combinations, communicate a red tinge to 
flame. Its acid ſolutions are decompoſed by the three al- 
kalis. It generates a fulphure of firentiana, when it is brought 
into mixture with ſulphur in either humid or the dry way. 
Its acid combinations are not liable to be decompoſed by 
pruſſiate of lime or of potaſh. 

For the diſcovery of the exiſtence of this peciliae earth, 
the chemical world i is indebted to D- Hape aſſiſtant - profeſ- 
ſor of chemiſtry in the univerſity of Edinburgh. His ex- 
periments and obſervations upon it have been ſince repeat- 
ed, extended, and confirmed by that eminent chemical mi- 
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General Reflections on the Earths, Ve. 


SECTION THIRTEENTH. 


GENERAL REFLECTIONS ON THE? EARTHS, ALKALIS, AND MEU- 
* TRAL SALTS. 


Trav have we examined the alkalis and the primary Book vr: 
earths, with thoſe various ſpecies of neutral or ſecondary Sxc. XIII. 


falts which are formed by the combination of thoſe earths 
and alkalis, with the acids. A few general reflexions on 
the whole may be here added. 

I. The firſt thing which naturally ftrikes us in the train 
of reflexion, is, that the ſimple earths compoſe alone, a 
very conſiderable part of the ſolid maſs of the globe, yet, 
are in compariſon, but very rarcly found in a ſtate of per- 
fect purity. All the ſtrata of rocks, which compoſe as it 
were, the ſhell of this earth, or the ſupport upon which 
the vegetable mould is imm-diately incumbent, are either 
filiceons, luminous, calcareous, or of a character derived 
from ſome other of the primitive earths. Three of theſe 
earths are exceedingly common in nature. 'The others 
are of more recent wont on r e 


with. 


II. The next thing that in a — manner, here 
urges itſelf on our attention, is, that lime and the alkalis 
appear to be in their origin elaborated by the functions of 
animals or of vegetables. Lime is never met with, ex- 
cept in ſituations, where the fair inference is, that it was 
produced by the functions of living animal bodies. Even ſo- 
da, the mineral alkali, ſeems to have been but accidentally of 
mineral origin in the famous lake of Egypt: for, we do not 
generally obtain it at preſent, otherwiſe than „ 
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BOOK V1. Ida vegetable origin of potaſh is ſufficiently known and 


General Refledtions on the Earths, We 


| N confeſſed. Ammoniac is of animal origin undeniably. 
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III. It occurs alſo, while we conſider the ſimpleſt of 
theſe ſubſtances, that ſince ammoniac the moſt ſubtile of 
them has been aſcertained to be a compound ; the other 
alkalis, and perhaps even ſeveral of the earths may be, 
ſooner or latter, reduced alſo, to their conſtituent princis 
ples. Since ſeveral of the carths are ſo much more abun- 
dant than the reſt in nature; is it not reaſonable to expect, 
that perhaps thoſe which exiſt in ſo much ſmaller quanti- 
ty, may in the end, be traced to a perfect identity of qua- 
lities with the more abundant- ones ? 

IV. That law by which totally new ſubſtances are pro- 
duced from the union of the acids with the earths and the 
alkalis is a very remarkable one. How immenſely nume- 
rous are the new bodies thus formed! It is but recently, that 
ebemiſtry, having become acquainted with the exiſtence 
of a multitude of acids, before unknown, has been enabled 
to trace the neutral ſalts through all their diverſity. Add 
to that portion of the materials of this globe, which is made 
up of acids, alkalis, and earths, that alſo which is compoſed 
of the neutral combinations of theſe primary ſubſtances ; 
and we ſhall find the ſum to comprehend by much the 
larger part of the whole. It is, comparatively ſpeaking, 
but on a few occaſions, that the more elementary ſubſtan- 
ces are to be found in a ſtate remote from combination. 
We find them moſt commonly in a neutralized form. There 
are indeed many aggregate mixtures in which no perfect, 
chemical combination has place, But except in the caſe 
of theſe mixtures, neutral faits are what moſt uſually pre- 
ſent themſelves to our obſervatiou throughout external na- 


jure. 


v. 


General RefleFions on the Earths, fc. 251 


V. Of thoſe ſubſtances which chemiſtry furniſhes for BOOK VL 
the uſes of human life, the greater number are neutral e 
falts. The properties and relations of theſe ſaline bodies 
deſerve therefore to be made in a much more eminent de- 
gree, than they have hitherto been, the ſubjects of chemi- 
cal inveſtigation, When thoſe which are formed by the 
vegetable and animal acids, ſhall be more perfectly known, 
it is to be hoped, that there may be -much derived from 
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BOOK SEVENTH. 


% 
or THE METALS. 


SECTION FIRST. 
OF ARSENIC, AND ITS COMPOUNDS. 


A woxs the primitive ſubſtances which become known zoog vn. 


to the chemiſt in his ſurvey of material nature, are a conſi- SECT. I. 
— 


derably numerous claſs which on account of ſome proper- 7 
ties in which they all agree are known by the common Metals in 
name of METaLs. Theſe ſubſtances are all more or lefs* 1 
ductile under the hammer; liable to be indurated to brittle» 

neſe by the ſame action; either exiſting in a ſtate in which 

they are combined with oxygen, or elſe capable of being 
brought into that ſtate, by the operation of fire, and the 
preſente of other bodies in which oxygen exiſts in no very 
tenacious combination; capable of diſplaying in their un- 
oxydated ſtate, a brilliancy and luſtre more or leſs ſtriking, 

and which are diſtinguiſhed by the peculiar appellation of 
metallic, They are found in the bowels, or ſometimes at 

the ſurface of the earth; either alone, or combined or con- 
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BOOK VIT.taminated with other matters ; either already oxydated, or 
Ain their perfect metallic condition. The known metals are 
| —ARSENIC, molybdena, tungſten, manganeſe, nickel, co- 
balt, biſmuth, antimony, zinc, iron, tin, lead, copper, mer- 
cury, filver, platina, gold. 128 
2. Akskxic is often found in black maſſes, almoſt without 
Origin and luſtre, and very heavy. Its aſpect and fracture are ſome- 
arſenic. times brilliant, rainbow- coloured, and ſcaly: and it then 
receives the name of zeſtaceous arſenic. Sometimes it is 
found in that purity in which it has the name of virgin ar- 
ſenic : which is to be known by the ponderoſity of the ſpe- 
cimen, and by its diffuſing when expoſed to heat on burn- 
ing coals, vapours which have the ſmell of garlic. It is, in 
ſome places, to be met with in a white vitreous oxyde, or 
a whitiſh duſt, It is often combined with ſulphur ; form- 
ing what is called orpiment or realgar. In orpiment it ap- 
| pears in yellow, brilliant, micaceous maſſes, ſometimes ap- 
proaching to green- coloured: Realgar is of a red colour, 
more or leſs lively and tranſparent ; ſometimes cryſtallized 
in bright needles. Mijſpilel or arſenical pyrites, is a white 
ore of AxsEx Ic, ſometimes cryſtallized in cubic cryſtals, but 
oftener without any determinate form. Arſenic is alſo 
found intermingled among the ores of cobalt, antimony, 
tin, iron, copper, and filver. The mines of cobalt, in Sax- 
ony, and at Andrarum in the province of Schonen in Swe- 
den; thoſe of St Marie aux mines, in France; the vicinity 
of Jinto in New Spain, and the edges of the volcanoes of 
Mount Veſuvius; afford this metal in conſiderable abun- 
dance. It is chiefly from Saxony, we obtain, that which 
is ordinarily preſented to our uſe by commerce. 
Theſe ores of axszNIc, are to be afſayed immediately af- 
ter being taken from the mine. In the aſſay, the ore muſt 
| | be 
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be wunſbed; roufled by expoſure to heat in a crucible or aBOOK VII. 


Sect. I. 


ſtone retort, till the ore become red-hot, and ceaſe 0 2 •2＋＋ 
hale vapours; next melted by the aſſiſtance of a preparation 3. 
called by the miners, t flux, and of a little muriate of Purification 
ſoda ; after this fuſion, permitted to cool; in doing which, of arſenic. 
if it have been thoroughly fuſed, it takes the form of a 
convex lump. or button, all the metal running together, 
ſeparate from the ſcoriz or droſs,—and theſe appearing in 
one compact, uniform, vitreous maſs, covered over with. a 
cruſt of melted marine ſalt. The metallic button, weigh- 
ed, and compared with the original weight of the ſpeci- 
men, will ſhew in what proportion the metal exiſts in the 
ore. The ores of arszNic and of other metals, are purifi- 
ed in the great way, or in manufacture, nearly by this ſame 
proceſs, repeated with the fires, the veſſels, the quantity of 
the ores, and of the fluxes, all in a much more conſidera- 
ble proportion. There are in arſenic, ſome peculiarities 
which make it to be obtained pure by a part only of the 
above proceſs, If expoſed to fire in cloſe veſſels, it is ſu- 
blimed, but not decompoſed. In this change, it attracts 
oxygen from the vital air decompoſed around it; and is 
immediately converted into an oxyde. If flowly ſublimat- 
ed, it is cryſtallized in regular tetrahædral figures. 

Pure ARSENIC, commonly called regutus of arſenic, is of 
a blackiſh grey colour, reflects the colours of the rainbow, Charaters 
is very ponderous and friable. It does not a in a ſenſible g. f. me 
manner on combuſtible bodies. Expoſed to the air it be-ic- 
comes ſenſibly black. It does not ſuffer from the attacks 
of water. The fulphuric acid, even when concentrated, 
produces no immediate effects on arſenc. But if the me- 
tal and the acid be boiled together in a retort ; the acid 
nnn en, 2 little ſulphur will be 

ſublimed, 
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: — I ſublimed, and the ARSENIC vill. be oxydated, though 
| not diſſolved. The mitric. acid, quickly oxydates ar$Entc. 
The ſame effect is produced by the muriatic acid. Pow- 
dered ansEnIc caſt on oxygenated muriatic acid, e 

a white flame. | 
| 5. ARSENIC combined by combuſtion, or by the alta 
| _— of of ſome of theſe ſubſtances above mentioned, with oxygen; 
$2390 forms what is properly denominated oxyDz or ARSENIc, 
but was formerly called caLx or aksENIc. This ſubſtance 
; commonly appears from artificial preparation in a white 
af] cryſtalline powder in which it forms what is ſometimes 
FE named flowers of arſenic. At times, it is preſented to us in 
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1 commerce; In d ide ponderotis,” viereied, and Rratified 
1 maſs. It is alſo cryſtallized into very tranſparent, flat, 
* oy triangular, ſolid figures, with truncated angles : But, theſe 
[+ Fr _ cryſtals very ſoon loſe their tranſparency. This oxrpz is 
. 1 reducible back into the perf-& metallic ſtate by expoſure 
#0 "" EEO to heat in a paſte with black ſoap of which the alkalj will 
| 4 occaſion the abſtraction of the oxygen from the metallic 
* | AE oxyde, in order to the combuſtion of its oil. Vitrefied ox- 
| £4 8 Ir YDz OF ARSENIC, if expoſed to the air, loſes its tranſparen- 
| 5 © PR cy, acquires ſomewhat of a lacteous appearance, and un- 
91 3 dergoes a ſort of effloreſcence. It is cafily diſſolved in wa- 
| 28 5 ter. Cold water diſſolves rather more of it than does hot 
1 { : 5 water. The ſolution flowly evaporated, affords yellowiſh 
| i cryſtals in tetrabzdral figures, more or leſs regular. It 
| * readily unites with earths by fuſion; becomes fixed with 
+ | them; and accelerates their vitrification. 'The allalis, 
1-18 when pure, readily difſolve this ſubſtance. Liver of arſenic 
| 4 , is prepared - by boiling powdered oxyde of arſe nic in liquor 
[35 DE: of nitre, or in a ſolution of cauſtic potaſh: It forms a 
Bir | | thickening, * * fluid; is not rn of 
|. 

115 

2 


eryſtallzation; becomes hard and brittle ; is liable to ers A* 
liquiate; is ſoluble in water; precipitates when diſſolved, 8 A 


ſome brown flakes ; when urged by a ſtrong fire, loſes its 
arſenic; is decompoſable by acids. The ſolution of po- 


taſh, will afford with oxyde of arſenic, a ſimilar mixture. 


OxyDE OF ARSENIC, is ſoluble in concentrated ſulphuric acid, 


only while the acid is hot. Nitric acid, aſſiſted by a mo- 


derate heat, likewiſe diſſolves this -0XYDE in a pretty large 
proportion. The axſeniac acid to be hereafter deſcrib= 
ed, ſeems to be a product of the action of nitric acid on 
OXYDE OF ARSgENIC. The muriatic acid aided by fire, diſ- 
ſolves this oxvor: If cold, this acid is entirely incapable of 
acting on arſenic. Arſenic mixed with nitrate of potaſh, 
detonizes on the' coals, and is found to have been by this 
means oxydated. OxvDps oF arxsENIC, mixed with nitrate 
of potaſh in equal parts, affords by diſtillation, ſpirit of ni- 
tre in very red vapours. With ſulphur, in various propor- 
tions, oxyde of arſenic forms realgar and orpiment. 
But aRseNtc is ſuſceptible of receiving into combination 


6. 


Ar ſeniao 


with it, a larger proportion of oxygen, than that by which acid. 


it is commonly oxydated. In this ſuperoxydated ſtate, it 
actually forms a peculiar acid. The nitric acid contributes 
the moſt effectually to the formation of the ax$Ex1ac 
acip, becauſe nitric acid reſigns its oxygen with extra- 
ordinary readineſs, OXrDE oF ARSENIC is alſo converted 
into ARSENIAC AclD by diſtillation with the oxygeriated 
muriatie acid, which is well known to be little tena- 
cious of a part of its oxygen. The arssNiac acip thus 


formed, is of a ſtronger taſte than common oxXvps ob An- 


SENIC, It is fixable by fire, while the oxyde is ever liable 
to be ſublimated. It melts into a tranſparent. glaſs, and 
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BOOK vn communicates its own fuſibility to terrene matters. It is 
CL capable of corroding glaſs. It communicates a faint red 
tinge to blue vegetable colours. If expoſed to the air, it 
loſes its tranſparency, waſtes away-in ſcaly fragments, and 
gradually attracts moiſture. It diſſolves in two parts of 
water. It readily combines with lime; with baryt alſo and 
 mayneſia,—but leſs eaſily. With the alkalis, it forms neu- 
"tral ſalts, ſaid to be decompoſable by lime. It may be pre- 
pared by the decompoſition of ammoniacal nitrate with ox- 
- YDx OF ARSENIC.' Arſeniate of potaſb is the moſt remarkable 
neutral ſalt formed by the combination of this acid with an 
alkali. It eaſily melts by heat; is unaltered by air; is 
more ſoluble in water than the pure metallic oxyde ; is de- 
compoſable by the other acids, only in the way of double 
affinity, —as when ſulphate of iron is mixed with a ſolu- 
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tion of this ſalt. It decompoſes alſo nitrate of ſoda by diſ- 
# tillation; and the new products are, ar/ſeniate of foda and 


nitrate of potaſn. Its power of decompoſing, in its forma- 
tion, ammoniacal nitrate, has been already mentioned. It 

does not decompoſe alkaline muriates. 
| 8 The ſpecific gravity of arszni1c varies from that which 
v.iy of ar- diſtinguiſhes it in the metallic ſtate to that which belongs 
12855 to it, when acidified. The following are its different gra- 
vities in different ſtates : Pure metallic arſenic 8,308 : vit- 
reous oxyde of arſenic 5,000: white oxyde of * 39706: 

arſeniac acid 3,391. 

It is not to be forgotten, that in all ſtates of its oxyda- 
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| t | 1 tion, OXYDE OF ARSENIC is to be conſidered as more or lets 
15 — Ng the acidified. In thoſe ſtates in which it contains the leaſt 
3. Hat 

| | 333 oxygen, it is a weak acid; in that in which it contains the 
| 2 moſt oxygen, it is a ſtrong acid. | 
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Ansxxic is uſed in the art of dyeing, and in others of BOOK VIL 
f Szcr. I. 
the arts. OxrYDE oF arsEnic forms a very powerful poiſon. 


Calcareous ſulphure, impregnated with iron, as it attracts 
OXYDE OF ARSENIC into the new combination of orpiment, 
is the beſt counterpoiſon that can be in this caſe employ- 


ed. Arſeniate of potoſþ is uſefully employed in the arts, 
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55 S SECTION sοο 6. 


OF MOLYBDENA, AND ITS COMPOUNDS. 


— * 


DT, Normans is a peculiar metallic ſubſtance which was 
| firſt diſcovered by Mr Hielm. It conſiſts, in its ſpecimens, 
Origin of of hexagonal, ſcaly laminz of various ſizes, and ſcarcely 
molybdena. adhering together. It ſpots the fingers, and leaves blueiſh 
or filver-grey marks upon paper. When it is reduced to 
a powder, it has in this form a blueiſh gliſter. It may be 
cut with a knife. It is till not the pure metal, but only a 
compound of the pure metal with ſulphur. To obtain from 
this compound, the pure molybdena, is a taſk of the utmoſt 
difficulty. Except Hielm and Pelletier, ſcarcely any chemiſts 
have been ſucceſsful in the attempt. By Pelletier it was 
obtained in a friable blagkiſh, agglutinated matter of a 
metallic luſtre, which, vie ed through a magnifier, appear- 
ed to conſiſt of ſmall, round, grey, ſparkling grains. When 
heated in the air, it is converted into a white, volatile 
oxyde, cryſtallizable by ſublimation into ſparkling needled 
priſms. The metal is eaſily oxydable by nitric acid. With 
heat it may be diſſolved by the alkalis. It may be mixed 
with lead, copper, iron, and filver. It combines with ſul- 
phur, to form ſulphure of malybdena,—improperly named po- 
telat. This ſulphure of molybdena heated in a crucible with 
another crucible covering it, affords white, ſparkling, need- 
led cryſtals reſembling that matter which is called ii ver f- 
ers of antimony. The ſaline earths and the fixed alkalis, if 
_ melted with ſulphure of molybdena, diſſolve both the ſulphur 
and the metal. The /u{furic acid reduces the metal to an 
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 Molybdena, and its Compounds. 261 

oxyde, and diſengages a quantity of ſulphureous acid, * 3 
the way of ebullition. The acid of arſcnic, if diſtilled 
with ſulphure of molybdena, loſes its oxygen: but the new 
products conſiſt of ſulphureous acid gas, orpiment or ſul- 
phure of arſenic, and molybdic acid. 30 ounces of diluted - 
nitricacid, diſtilled with 1 ounce of molybdena at 5 differ- 
ent times, 6 ounces of the acid at a time, afford a great 
quantity of nitrous gas, and a refidue of white powder, 
which laſt ſubſtance waſhed and edulcorated affords 6+ 
drachms of pure molybdic acid, beſide a product of ſul- 
phuric acid which is carried away by the water when the 
molybdic acid is waſhed. A decompoſition of the nitric 
acid employed, muſt, no doubt, take place in this inſtance. 

MoLYBDENA thus oxydable in different ways, and in- The molybg 
deed liable to appear oftener in an oxyde or in a mixture, ge 
than in its own pure and genuine form; is by oxydation, 
reduced abſolutely to the ſtate of a perfect acid. The wo- 
LYBDIC ACID appears in the form of a white powder. Its 
taſte is faintly acid and metallic. Heated in a ladle or in 
a crucible with acceſs of air, it volatilizes in a white ſmoke, 
ſubje& to be condenſed into needled cryſtals, and to be in 
part fixed on the ſides of the crucible. Even after edul- 
coration, it ſtill retains a portion of ſulphureous acid. It 
is ſoluble in boiling water, in the proportion of a ſcruple. 
of the acid to 20 ounces of water. This ſolution is ſingu- 
larly acid, and almoſt metallic. It reddens tincture of 
turnſole, decompoſes a ſolution of ſoap, and precipitates. 
alkaline ſulphures, the mixtures of ſulphur with the alka- 
lis, Concentrated ſulphuric acid, with the aid. of heat, 
diſſolves a large proportion of the Mor, acid. The 
ſolution, when cool, becomes thick, and aſſumes a beautiful 
golour. Intenſe heat, received in a retort, volatilizes the 
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| BOOK vn ſulphuric acid, Mee 


by — of the veflel. The nitric acid does not act at all on 
| _ the moLYBDIc. The common muriatic acid diſſolyes a 
ERS. large proportion of this acid. This ſolution, if diſtilled to 
. dryneſs, affords a dark blue refidue, which, if urged with 


heat, is ſublimed, one part of the ſublimate being white, 
the other blueiſh. The ſublimate is apt to deliquiate, and 
tinges metals, The muriatic acid is oxygenated, when it 
paſſes into the receiver. In this operation, à part of the mo- 
lybdic acid is evidently deprived of its oxygen by the mu- 
riatic acid, and in conſequence of this, is reduced back into 
the genuine metallic ſtate. Aſſiſted by heat, the moLYB- 
bie acm decompoſes the alkaline nitrates and muriates, 
and combines with their baſes, to form neutral ſalts. It 
if alſo diſengages the carbonic acid from the three alkalis. 
| Fixed alkalis make the molybdic acid more ſoluble in wa- 
$ ter, and hinder it from being volatilized by heat. Molyb- 
date of potaſh is precipitated by cooling, in ſmall granulated 
cryſtals. It may be alſo ſeparated from its ſolvent by the 
ſulphuric and muriatic acids. Barytic ſulphate and nitrate, 
are decompoſed by the MoLYBDIc acm: and there is 
formed upon this occaſion, a barytic melybdate which is ſo- 
luuble in water. The moLyYBpic Ac effects a partial de- 
compoſition of ſulphate of potaſh ; diſengaging from it by 
a ſtrong heat, a little ſulphuric acid. This acid diſſolves 
ſeveral metals, becomes blue by the loſs of its oxygen, 
precipitates various metallic ſolutions, has been found by 
Kloproth, ET Re ION EEG 
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SECTION THIRD. 


TUNGSTEN, AND ITS COMPOUNDS, 


263 


'T oneren is a metallic ſubſtance, for the knowledge af Von * 
which we are indebted to experiments made within theſe rota 


laſt twenty years, by the great Swediſh chemiſts, B8RG- in of 
MAN and SCHEELE, by Crell, and by Mefirs D' Elbuyartuogten, 


and Angulo of Spain. Nature affords this ſubſtance only 
in a combination with lime, which has been denominated 
 lapis ponderoſus, and to which chemiſts now give the name 
of native tunflate lime. This particular combination has 
been found in the iron mines of Bitſberg, in the tin-mines 
of Schleckenwalde in Bohemia, at Sauberg near Ehren» 
freenderſdorf, and elſewhere. It appears in compreſſed 
hexahzdral priſms ; it has the metallic luſtre z its fracture 


is foliated ; it may be cut with a knife. It contains in 


the Cwt. frequently 68 parts of tunſtic acid, with 30 parts 
of lime, in other inſtances 22 parts of black oxyde of man- 


ganeſe, 12 of oxyde of iron, 64 of tunſtic acid, and 2 0 f 


quartz. This ſpecimen was melted with carbonate of pot- 
aſh in the proportion of one part of the tunſtate of lime, 
to four parts of the carbonate of potaſh. The mixture 
was afterwards lixiviated, when the water diſſolved the tun- 


ſtate of potaſh. The nitric acid being then applied, pre» 


cipitated the tunſtic acid in a yellow powder. This preci- 
pitate put into a crucible with charcoal, and then urged 


vikifee, affleded's exnlli fantton conſiſting of a {wall | 


number of globules, 


The metal thus obtained "EE native tun fate of lime; poſe characters 
ſeſſed the es properties. Its ſpecafic gravity was 200 — 
2 bn 
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Tung fen, and its Compounds, 


BOOK VII. bout 17,6. It was highly infuſible. It was inſoluble in acids. 
It eaſily combined with iron, filver, and ſome other me- 
| tals, It was eaſily oxydable and acidifiable by air and ca- 
loric. It was inſoluble in water and in alkaline ſolutions. 

It was of a greyiſh white colour, granulated and friable. 
| The object of theſe operations which have been employ- | 
ed upon native tznfate of lime, has uſually been to obtain 
the runs ric 4010. SCHEELE, in accompliſhing the decom- 
| poſition of this TUNSTATE of lime, poured upon it, nitric 
acid and ammoniac ſucceſſively, until the original ſpecimen 
of tunſtate of lime was wholiy decompoſed. The nitric 
acid ſtill attracted away the lime: and the ammoniac en- 
tered into combination with the TUNSTIC AclD that had 
been ſeparated, till a new infuſion of ni rie acid detached 
the alkali to form ammoNniacat NITRATE. At the laſt, the 
TUNSTIc AciD was obtained ſeparately in a powdered pre- 
Cipitate. Lixiviation with cold diſtilled water, afforded 
this precipitate in great purity, 'There. was alſo a ſmall 
refidue which ſeemed to be filice. The ammoniacal nitrate 
compoſed of the nitric acid and the ammoniac employed 
in this proceſs, with the lime which they took up, afforded 
by ſubſequent precipitation firſt with pruſſiate of potaſh, 
and then with potaſh, a {mall portion of pruſſiate of iron, 
and a large proportion of chalk. Another proceſs em- 
ploys rather potaſh and nitric acid, in order to decompoſe 
the tuntate of lime, and diſengage the pure TUNsT1c Ac. 

The muriatic acid may be uſed inſtead of the nitric. 

1 The rox ric acip, however obtained, appears in the 
The tunſtic form of a white powder. It is liable to become yellow, 
121 brown, or black, but without melting, by the action of 

heat. It is ſoluble in 20 parts of boiling water. Its ſolu- 
tion has an acid tafte, and reddens tiucture of turnſole. 
| With 
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Fung ften, and its Compounds. 
With baryt and magneſia, tunſtie acid forms falts ſcarcely 
ſoluble in water. Poured into lime-water, this ſolution 
produces a ſcanty precipitate of calcareous tunſtate, which 
may be increaſed by the preſence of heat. When ſatura- 
ted with potaſh, tunſtic acid affords a falt which is preci- 
pitated in very ſmall cryflals. With ammoniac, this acid 
forms a ſalt in ſmall needles, which when expoſed to heat, 
are decompoſed by the volatilization of the ammoniac. 
Expoſed to heat with ſulphuric acid, the TuxsT1C ACID aſ- 
| ſumes a blueiſk colour. With the nitric and the muriatic 
acids, it takes a citron-yellow collour. It gives a green 


SzcT. I 


— 


colour to alkalin ſulphure, and produces a precipitate from 


it. It is eaſily colourable by combuſtible bodies. It gives 
a blue colour to vitreous fluxes, heated with lintſeed oil in 
a crucible, | | 

M. D'ELauvar ot Spain, firſt ſhewed that this acid 
| yas qtually recucible into a pure metal, 
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SECTION FOURTH, 


OF COBALT, AND ITS COMPOUNDS, 
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. pook an Cos. is a metal which has never yet been found pure 
WA) In nature. But, we find it almoſt always in an oxyde, and 
Origin _ in combination with ſome other metal or metallic-oxyde. 
varieties of It is often united with arſenic in a ſolid, grey, ponderous 
the ore ore, ſomewhat brilliant and granulated ; which gives fire 
SHE with ſteel, becomes black by expoſure to heat, diſſolves in 
the nitric acid with efferveſcence, and forms with the mu- 

riatic acid, a ſympathetic ink, It appears occaſionally in a 

folitary oxyde z which is commonly of a blackiſh grey col- 

our, ſometimes reſembles lamp-black, is generally friable 

and pulverulent ; ſtains the fingers, and when compact, ex- 

hibits at its ſracture, roſe- coloured ſpots ; ſometimes re- 
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ſulphuric acid exiſt in combination with this peculiar me- 
tallic ſubſtance. It is white or grey, very brilliant, the 
richeſt of all cobalt ores, commonly gives fire with ſtecl. 
CoeaLT is alſo combined with ſulphur, arſenic, and iron 
ip the white or grey ore of cobalt ; which is of a whitiſh grey 
colour ; 
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| { . ſembles the ſcoriæ of glaſs; and is often mixed with mar- 
| | 1 tial ochre. In combination with the arſeniac acid, an ore 
He of cobalt, has been diſtinguiſhed as floxers of cobalt, red, 
| bd 2.  roſe-coloured, er coloured like pech. blſenu : It owes its colour 

4 to the arſeniac acid combined in it: It is either in maſſes, 
14 in a powder, in a ſtriated effloreſcence, or in four - ſided 
j {4 priſms with ſummits of two faces. In fire it gradually loſes 
| Tha | its colour, while the arſeniac acid is diſengaged. Another 
| +: | ore of COBALT, is that ſpecular cobalt ore in which iron and 
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colour; is cryſtallized in complete or truncated cubes ſo as BOOK vn, 
to form ſolid figures of 14, 18, or 26 faces; is ſparry and OE 
lamellated at its fracture; on its ſurface ſometimes exhibits 

dendrites in leaves reſembling fern ; is lighter in its ſpecific 

gravity than the preceding ſpecies ; and exhibits almoſt al- 

ways a red effloreſcence on its ſurface. 7% 
| Ores of coBaLT are aſſayed by pounding, waſhing, roaſt-Afay and 
ing, melting with three parts of black flux and a little ma- of con 
rine ſalt. Cooling, after the laſt of theſe proceſſes, pro- ce. 
cures the metal in a button at the bottom of the crucible. 

Some modern mineralogiſts have recommended nitric acid, 

as the fitteſt matter for the aſſay of cobalt ores : Others ad- 

viſe the uſe of 3 parts of potaſh, with 5 of powdered glafs. 

In operations in the great way, theſe ores are roaſted in a 

furnace terminating in a long flue which is horizontal. 

The coBaLT here ſeparated from the arſenic which is 

ſublimed into the flue, and from whatever biſmuth it 

might contain which falls to the bottom of the furnace, —ig 

obtained by itſelf in a dark grey oxyde which is named 

zaffre, This zafre, if expoſed to intenſe heat, is thus fuſi- 

ble into a dark-blue glaſs known by the name of ſmalt, 

Grinding and dilution reduce this ſmnalt to what is called 

coarſe azure. Subſequent purification brings it to the ſtate. 

of what is called azure of four fires, which is uſed in ſeveral 

of the arts for communicating a blue colour to metals, 

glaſſes, &c. The are of commerce, if melted with thrice 

its own weight of black flux, a little tallow, and a little ma- 

rine falt, affords cos Lv in its genuine metallic ſtate. 

Pure coBaLT, thus obtained, is of a reddiſh white cod , 
our, a fine cloſe grain, very brittle, eaſily reducible to 2 
powder. In the hydroſtatic balance, it loſes abòut 4th ofsalr. 
its weight, BERCMAx ſtates its ſpecific gravity at about 
11700. 
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Dee. It cryſtallizes in bundles of needles which are ar- 


A So Sel Rr Ae GAY a4 & G& mam 64. hewitt -4z 
e 


Dr — en 


— — 


c 
> bf Ie ed SE eee PRI SYS wi; r 


eee 


— 


«<a — 3 ves : | 
2 Bias OV ah A. 3 > an 4 5307” Bend? 


Od 


— — 


l 
＋ 1 ,»»qy I 
%Y E 


— Ix 


 # 1 
1 A 


* 


eres 
f t 
4 * 40 1 * — 9 


BASS, —- 4 
£724 $7 


«7 wor 


ranged, one over another. 
When expoſed to fire, pure coBALT becomes very red, 

before melting. It is very difficult of fuſion, and becomes 
very fixed in the fire. We know not, whether it be ſuſ- 
. of volatilization in cloſe veſſels. If ſuffered to 
cool flowly, it cryſtallizes into needled priſms, Co- 
- BALT in a ſtate of fuſion, if it be expoſed to the 
air, is quickly covered over with a dark and duſky pel- 
liele ; being oxydated by oxygen from the atmoſphere. It 
is liable to be tarniſhed in the air, but ſuffers no injury 
from the attacks of water. It does not combine with 
earths ; but by fuſion, its oxyde unites with them into a 
very fine blue glaſs, which no intenſity of fire can render 
volatile. We know not well in what manner the ſalino- 
terrene ſubſtances act on it. Allalit affect it, but we do not 
yet well know how, All the acids diſſolve coal r. Con- 
centrated and boiling, the ſulfuric acid readily diſſolves it, 
-—With an evaporation of ſulphureous acid gas,---the forma- 
tion of a ſulphate of cobalt, - and the oxydation of the reſt 
of the metal. The cryſtals of ſulphate of cobalt, vary in fi- 
gure, but are ofteneſt ſmall needles which the microſcope 
ſhews to be rhomboidal, tetrahædral priſms terminating in 
a decahzdral ſummit, with rhambic faces. Sulphate of cobalt 
is ſubje& to decompoſition by fire. It is alſo decompoſable 
by the alkalis and the falino-terrene ſubſtances. The nit- 
ric acid acts to the diſſolution of cobalt with efferveſcence. 
While the oxygen of the acid unites with the coBALT, 
there is a quantity of nitrous gas diſengaged. Evaporated 
by intenſe heat, the ſolution affords nitrate of cobalt in ſmall 
bundled needle —_—_— ſubject to ne and liable to 
detomize 


Cobalt, and its Conigoundis 289 
detonize on burning coals. It is decompoſable by the ſame BOOK v 
ſaine intermedia which decompoſe ſulphate of cobalt. With J 
the aid of heat, muriatic acid diflolves coal r. With 
OXYDE OF COBALT, this acid forms a reddiſh brown ſolution 
liable to be turned green by heat: This ſolution evapora- 
ted, and highly concentrated, affords a muriate of cobalt, 
cryſtallizable in ſmall needles, and very liable to detiquiate. 
The nitro-muriatic acid diſſolves coBaLT with more energy 
than does pure muriatic acid, but not fo forcibly as the 
pure nitric-acid. This ſolution, long known by the name 
of ſympathetic ink, is not viſible in writing, till it de heated, 
but when hot, aſſumes a beautiful ſea-green colour. Bor- 
acic acid, when preſented in borate of ſoda and in ſolution in 
any of the acids before mentioned, enters into combination 
with the oxydated coBaLT; and an inſoluble neutral falt 
is formed between them, and precipitated. Few of the 
neutral ſalts act on cobalt. Nitre indeed oxydates it. 
Sulphur combines with this ſubſtance, - moſt readily by the 
intermediation of an alkaline ſulphure. The product is an 
artificial ore, with facets of various ſizes, and of a white or 
a yellowiſh colour. Oxalic acid precipitates COBALT in 2 


pale, roſe - coloured powder. 
: In a pure, perfect ſtate, coBaLT may be conſidered as a F. 
| peculiar ſimple ſubſtance : In its oxrpx, it is the ſame ſim- Its ue 
, ple ſubſtance combined with oxygen. In its metallic ſtate, 
g it is of no uſe. Its oxyde is uſed to give a blue colour to 


glaſs, enamel, pottery, and porcelain. It is uſed alſo in 
{ympathetic ink. | 
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a70 Kia Biſmuth, and its Compounids, 
© ggeTION FIFTH. 
or Bisuurn, adp ITS coxrounDs. 


vo vn. Birucorn is found in nature, ee bis emtan: 
No Gp oh Spe phe ſulphur, iron, or in an 
oxyde in which it may poſſibly be in combination with 
Origin of carbonic acid. The er/enical ore of B1$MUTH, is faid to be 
arranged in ſmall, glittering, light grey laminæ; and to be 
almoſt always mixed with native biſmuth, and cobalt. The 
ſulphureous ore of B18MUTH mentioned by mineralogiſts, is 
of a whitiſh grey colour, ſometimes inclining to blue, with 
facets or needled priſms. Its facets are always ſquare, It 
may be cut with a knife. It is found at Baſtneſa in Swe- 
den, and at Schneeberg in Saxony. The martial ore of Bis- 
MUTH is ſaid by Cronſtedt to be found in cuneiform ſcales 
at Renſberg in Norway. The native oxyde of pieMuTH, 
zs in a granulated, greeniſh effloreſcence on the ſurfaces of 
other B1$MUTH ores. The pure native BISMUTH is uſually 
found in a quartzoſe gangue, at Scala in Neritia, in Dale- 
carlia, and at Schneeberg in Germany. 

The ores of B1s$MUTH are aſſayed by melting them with 
Ady. &e, flux in a crucible by a moderate heat. The operation muſt 
of its ores. he quick; and may be moſt advantageouſly performed in 
. cloſe veſſels. In the great way, it will be ſufficient to melt 
err of BISMUTH in a pit dug in the earth, with a fire of 

wood upon which the broken ore may be caſt. 
Pure native B1$MUTH is diſpoſed in large plates, of a 
3. yellowiſh white colour, and very ponderous. It yields 
Ache dure with ſome ſmall degree of elaſticity to the hammer, but 
metal, © . breaks e e and is at laſt reduced into 
N a powder, 


B i/muth, and its Compounds. | 


a powder. In water it loſes 4; part of its weight. It BOOK vu. 
_ cryſtallizes by fuſion into polygon priſms, which are diſpoſ- —_— , 


ed in quadrangular ſolids, reſembling the volutes of Gre- 


cian architecture. It has ſcarcely any taſte or ſmell. It 


is in nature uſually diſpoſed in triangular plates, one over 


another- Its cryſtals are ſometimes very regular octohæ- 


Bi$MUTH is inalterable by the contact of light. It 


cloſe veſſels it is eaſily ſublimated. By cooling, it cryſtal- 
lizes into Grecian volutes. It cryſtallizes very readily. 
Held for ſome time in fuſion, in contact with air, it ſoon 
acquires a pellicle on its furface, which changes into a 
greeniſh grey or brown oxyde, called cinder or calx of Bis- 
MUTH. Made red-hot, it burns with a faint and ſcarcely 
diſcernible blue flame. The oxyde is evaporable in the 
form of a yellowiſh ſmoke, which is condenſed by cooling 
into a powder called flowers of biſmuth, Expoſed by itſelf, 
without flux, and not in immediate contact with carbon, 
to fire, it does not ſublimate, but melts into a greeniſh 
glaſs. Expoſed in a bowl of unburnt porcelain, to the 
heat of a furnace, B1$MUTH has been obſerved to run 
through a crevice in the crucible, in a yellowiſh glaſs, 
while that which remained in the crucible, was a glaſs of 
2 dull violet colour. By expoſure to air, BiSMUT® is ſome- 
what tarniſhed z and a whiteiſh ruſt is conſequently form- 
ed on its ſurface. It combines not with the earths, nor 
ſuffers any injury from the attacks of water. It commu- 
nicates a greeniſh yellow hue to thoſe glaſſes into the com- 
poſition of which it enters. BisMUTH brought into con- 
| tact with concentrated ſulphuric acid, decompoſes that a- 
cid in part: ſulphureous acid gas is evolvedz. and a. fi- 

| phate 


— 
extremely fulible, and melts long before it be red-hot. In cas. 
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- Biſmuth, and its Compounds; 
vn. ph of biſmuth, with ſome portion of oxrDE os nisuuTs 
are formed. The ſulphate of biſmuth thus obtained, is de- 
compoſable by fire, by the ſalino-terrene ſubſtances, by al- 
kalis, and even by water applied in ſufficient quantity. 
This ſulphate of biſmuth appears in ſmall deliqueſcent need- 
led cryſtals. Nitric acid diſſolves z1sMuUTH with amazing 
rapidity z and is itſelf robbed of its oxygen, while the me- 
tal undergoes oxydation. Nitrate of biſmuth is cryſtallized in 
tetrahædral priſms, ſomewhat compreſſed, and with two ob- 
tuſe trihzdral pyramids, the ſides of which are a rhombus 
and two trapezia. By flow evaporation this ſalt may alſo 
be obtained in very large flattened thomboids, perfectly ſi- 
milar to the well known calcateous ſpar of Iceland. It 
detonizes with à faint noiſe into reddiſh ſparks; melts, 
ſwells, and leaves 2 greeniſh yellow oxyde which cannot 
be reduced without the addition of ſome other ſubſtance. 
Expoſed to the air, it loſes its tranſparency, and the water 
of its cryſtallization eſcapes. When an attempt is made 
to diflolve it in water, the ſolution becomes white and 
milky, and gives a precipitate of oxyde of biſmuth. A ſimi- 
lar precipitation is effected, upon pouring the nitric ſo- 
lution of sisMuUrE into water: The precipitate proves to 
be what has received the name of white paint or magiflery 
of biſmuth. 100 grains of B1sMUTH diffolved in nitric acid, 
afford 113 gr:ins of precipitate. -Muriatic acid concentra- 
ted, and long digeſted over biſmuth, or rather muriatic a- 
cid diſtilled upon biſmuth, produces an exhalation of a fe- 
© tid odour, and a reſidue which proves to be a muriate of 
- biſmicth. It is a ſoft, fuſible, deliqueſcent ſalt, decompoſa- 
dle by water, and improperly termed butter of biſmuth. 
- BISMUTH is oxydable without any ſenſible detonation, by 
common nitre. It does not decompoſe ammoniacal mu- 
| riate. 


Biſmuth, and its Compounds: 1 273 


riate. Its colour is altered by ga- hydrogen, to a violet hue, BOOK vn. 
Sulphur unites with nisuur by fuſion, into blueiſh grey, der. Bs 
ſparkling, tetrahzdral needles, which in their colours, re- 
ſemble pieces of the moſt beautiful antimony, 

OxrDE oF BISMUTH is the combination of this metal Te 2 
- with the baſe of gas-oxygen. It is ſometimes native. In ef biſmuth, 
other inſtances it is formed by the ſeveral artificial means 
which have been enumerated. The grey or brown, ſub- 
limated or vitreous 'oxydes of this metal, cannot be re- 
duced without the addition of a third matter. But, gas- 
hydrogen,,-.arbon, and all organic combuſtible matters con- 
taining theſe ſubſtances, decompoſe oXYDE or ttauurn, by 
attracting its oxygen, and leaving the metal ſimple and a- 
lone. This oxrpe decompoſes ammoniacal muriate. A 
great proportion of gas-ammoniac is diſengaged in this o- 
peration; and there is a reſidue of metallic oxyde combin- 
ed with muriatic acid. This ſact ſeems to repreſent oxyde 
of biſmuth, as in its nature not very different from ſaline 
ſubſtances, | 

BisMuUTH is uſed by workers in tin, to communicate ay, 4 
proper hardneſs to this metal. It may be uſed inſtead of 
lead, for the cupellation of metals. It is believed to be ca- 
pable of operating with a dangerous efficacy upon the ani- 
mal economy. The oxrpr is uſed under the name of 
mohite paint, for whitening the ſkin. But, it is exceedingly 
liable to be diſcoloured, particularly by fœtid effluvia, and 
by all ſtrong· ſmelling matters. 
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174 VE Nickel, and its Compounds. 
SECTION SIXTH. 
or NICKEL, AND irs COMPOUNDS. 


VII. 
1 1 is a metallic ſubſtance, with the exiſtence of 


GS which, the world were firſt made [acquainted in the year 
or; 1 of 1751. It is found in nature, combined with ſulphur and 
nickel. arſenic. Its ores are red-coloured like thoſe of copper, and 
are almoſt covered with a greeniſh grey effloreſcence. It 
abounds at Freyberg in Saxony, and is found alſo at Bi- 
ber in Heſſe, and Allemont in Dauphiny. It is generally 

mixed with grey cobalt ore. Its cryſtals are often cubic, 


A Nav of : NICKEL is extracted from its ores by the following pro- 


deres, Ke. ceſs. The ore is roaſted, to drive off ſome part of the ſul- 


phur and arſenic which it contains. This roaſting gradu- 

ally converts it into a greeniſh oxyde. The oxyde is to be 

melted with three parts of black flux and muriate of ſoda. 

The fuſion affords a ſubſtance which was once thought to 

be the pure metal, but which farther procefles are yet ne- 

ceſſary to refine to the utmoſt purity. Many ſubſequent 

- calcinations, and various fuſions with lime and borax, at 
length afford the genuine NICKEL in a ſtate in which ſome 

\ _ chemiſts, have indeed, ſuſpected that it might ſtill be but a 

| particular modification of iron, but in which others, with 


better reaſon, conſider it as being undoubtedly a peculiar | 


metallic ſubſtance. 

In this ſtate, it diſplays a granulated fracture: it is nine 
times as heavy as water: it is conſiderably ductile. It 48 
very fixed in its nature; and not much eaſier to melt than 
iron. Heated in the air, it becomes a green oxyde, Four 

parts 


* 
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parts of concentrated ſulphuric acid, if diſtilled on one part _—_ 
ECT. VI. 


of NICKEL in its metallic ſtate ; yield as products, a quan- 


tity of ſu!phureous acid gas, and a greyiſh reſidue, which 


by ſolution in water, becomes of a beautiful green colour, 
and affords at laſt foliated cryſtals of an emerald colour, 
NiCKEL detonizes with nitre, and is oxydated by the de- 
tonation. Ammoniacal muriate is in part decompoſed by 
NICKEL. With ſulphur, this metal unites by fuſion. A 
ſort of hard mineral is now formed, with ſmall ſparkling 
facets, and of a yellow colour. By expoſure to a ſtrong 
heat in the open air, this mineral is made to crackle and 
ſend out luminous ſparks. A ſeries of fuſions and calcina- 
tions are requilite to ſeparate XICKEL from ſulphur. With 
arſenic NICKEL unites with great tenacity. It combines 
with cobalt even more intimately than with arſenic ; and 
can hardly be entirely ſeparated from either the one or the 
other of theſe ſubſtances, With 815MUTH, too, it is ſaid 
to form a brittle, ſcaly mixture. 


The combination of nickel with oxygen, whether native t, 7... 


or artificial, is readily ſoluble in nitric acid. A mitrate of 


nickel, cryſtallizable into rhomboidal cubes, is faid to be the 


product. Oxrox oF NICKEL fuſed with borax, communi- 
cates to the borax an hyacinthine colour. The oxYDE or 
NICKEL produced by the detonation of the metal with ni- 
trate of potaſh, communicates to glaſſes a deep hyacinthine 
colour, which, however, they are liable to loſe by fuſion. 


NickEL and its oxYDz have not hitherto been applied 


to any uſe. 
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1 

Þ SECTION SEVENTH. 

* 

ſi OF MANGANESE AND ITS COMPOUNDS. 

i BOOK vn. JV ,xGancss is found in nature, in many different ores. 
J Sxcr. VII. A co e Dun. 

| Sometimes it is cryſtallized in priſms tetrahædral, rhom- 
% . UP boidal, or ſtriated, and ſeparate from one another, or in 
| manganeſe. priſme bundled together. It is cryſtallized too in ſmall 


needles in a ſtellated arrangement. It appears in a black 
effloreſcence, which ſoils. the fingers like ſoot. It is ſome- 
times found in a beautiful, needled effloreſcence reſembling 
black velvet. It is found at times in a compact ſhapeleſs 
ore, of a black-grey colour, generally with cavities, but very 
ponderous. There is a ſparry MANGANESE found in the 
iron mines of Klapperud at Freſko in Dahl-land. There 
Is a native MANGANESE in metallic globules. It has been 
diſcovered by SCHEELE in aſhes of vegetables: and the al- 
kalis are perhaps often impregnated with it. 

Pure MANGANESE 'is of a preyiſh white colour, a fine 
Characters granulated texture, a ff parkling white fracture. It is brittle, 
of the pure not ſuſible without great difficulty, in a very ſmall degree 

elaſtic. It is the only metal combuſtible in the open at- 
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moſphere; and by combuſtion it inſtantly changes its i | 
4 colour; becoming, from whiteiſh, an abſolutely black 
powder. But a ſmall degree of heat, ſuch as the tem- : 
perature of the atmoſphere will frequently afford, is requi- 0 
fite to this oxydation of MN, g. To avoid it, the pure 4 
metal muſt be kept in alcohol. The genuine metal cannot a 
be obtained from the oxyde without great difficulty, or 9 


without a proceſs, in which the utmoſt intenſity of _ 8 
7 | man 
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muſt be employed, and in which it is uncertain whether 1 
not the common flux be materially uſeful. A» 
The mutual attractions between MANGANEsSx and the baſe 3. 
| Its relati- 
of gas- oxygen, are apparently more eager than thoſe be- ons. | 
tween oxygen and any other metal. Its reaction with the 
carths and the ſalino-terrene ſubſtances has not as yet been 
examined, As little are we acquainted with the relations 
between MANGANESE and the alkalis. Sulphuric acid relin- 
quiſhes its oxygen to this metal. Nitric acid in the fame 
manner diſſolves manganeſe ; and the ſolution is attended 
with an emiſſion of red vapours of nitrous gat. The mu- 
riatic acid likewiſe diſſolves and oxydates MANGANEese, 
Flueric acid diſſolves but a very little of this ſubſtance. 
Carbonic acid, by digeſtion with cold, diſſolves a ſmall por- 
tion of MaNGanzest. MANGANESE can never be entirely 
purified from its iron. Iron, lime, baryt, and a portion 
of ſilice are uſually found in union with native MANGANzs8. 
Although this ſubſtance has been long known; yet it 
has not been long known as a metal. BexGMan, SchxkLx, 
Gahn, Rinman, D' Engeſtroem, Ilſeman, De la Peyronſe, 
and FourcRor are they who have the moſt carefully exa- 
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mined it. 4 5 
OxvyDz or MANGANESE communicates a brown or violet pays 4 
And rela- 

| : 


colour to glaſs. But, this colour is eaſily alterable by com- tions of the 
buſtible matters. It combines with ammoniac, and is re. de. 
duced in this combination: For, the hydrogen of the am- 
moniac entering into union with the oxygen of the oxyda- 
ted MANGANESE, affords a product of water, and another 
of gas-azote. There is alſo a well known combination of \ 
OXYDE OF MANGANESE With potaſh; in which a beautiful 
green colour is exhibited in hot water, but, in cold wa- 
ter a red colour. It ſhould ſeem that theſe changes of 

+ colour 
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Manganeſe, and its Compounds. 
colour may be owing to the varying oxydation of the M4ax- 


ns. OxYDE OF MAN diſſolved by ſulphureous 


acid, affords a tranſparent ſulfite of manGanrss, the cryſ- 
tals of which are parallelopipeds. It is decompoſable by 


| fire. The alkalis ſeparate from it an oxYDz or MANGANESE, 


which by expoſure to the air, acquires a very beautiful col- 
our. This oxyps is ſubject to be diſſolved by the nitrous 


acid, or even by the nitric acid with the preſence of ſome 


combuſtible body. Theſe ſolutions yield under the reaction 
of the alkalis, a white precipate, ſoluble in acids. Water 
precipitates OXYDE OF MANGANESE from the muriatic ſolution 
of this metal. Muriatic acid diſtilled on oxYpe oH MAN- 


' GANEsE, detaches a part of the oxygen; and muriatic acid 


gas is conſequently evolved. There is ſaid to be in Der- 


bythire, a black oxvDE OF MANGANESE in ore which is known 


by the name of Black M add. 


OxrDE or MaxGanest is at preſent employed in the 


glaſs-houſes, both to purify white glaſs from yellow, green, 
or blue ſtains, —and to give it a violet colour. It is em- 
ployed, too, in the preparation of oxygenated muriatic acid, 
and in many other preparations. Heated in a pneumato- 
chemical apparatus, it affords gas-oxygen in great abun- 
dance. 8 
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SECTION EIGHT! 


OV ANTLMONY, AND ITS' COMPOUNDS. 


A nrivonr is a metallic ſubſtance which has been found Book vn. 
in various forms, and is applied to many different uſes. It*©+ VIII. 
is uſually found in combination with ſulphur. Sometimes 1. 
vue meet with it in a ſulphuric ore of antimony cryſtallized in On and. 
hexahzdral priſms which terminate in tetrahædral pyra-of Au TIUo- 
mids obtuſe and ſolitary. It appears at times in ftriz, which 
conſiſt of large ill-ſhaped needles irregularly bundled to- 
gether. It is alſo often in ſtellated ſtriæ in which the 
needles are divergent from a common centre. It is ſome- 
times ſparkling, and lamellated in plates of various ſizes. 
It is formed alſo in a red effloreſcence on the ſurface of the 
needled ore : Sometimes 'this red ore is cryſtallized in 
priſms or needles of which the colour varies in deepneſs 
and brightneſs. Native antimony in its pure metallic form, 
has been found in the mines of Allemont in Dauphine, in 
in large plates. A native oXYDE OF ANTIMONY has been 
diſcovered in fine white ncedles, or bundled together, like 
zeolite at Chalanges in Dauphine. Mines of axTiMonr 
have for ſome time been wrought with ſome advan- 
tage on the eſtate of Sir William Pulteney Johnſtone of 
Weſterhall in Dumfries-ſhire, in Scotland. In Hungary, 
in France, and in various other countries, Au rIMonr like- 
wiſe abounds. | | | * 

To purify the ores of anTiwoxy from the ſulphur with Purification 
which they are uſually mixed in nature, it will commonly © 
be ſufficient to roaſt the ores by a moderate heat in the o- 
pen air. The ſulphur, in this operation, flies off, and leaves 
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BOOK VIL the ANTIMONY without mixture, and unaltered ſave by 
" Sxe, VIII 

A 0xydation. The intenſity of the fire, mey be augmented 

while the ſulphur flies off. But, it is extremely difficult to 

detach the leaſt remains of the ſulphur; as theſe adhere 

with extraordinary tenacity, to the metal. After the pro- 

ceſs, the ANTIMONT remains in a grey oxyde which is ſtill 

. conſiderably contaminated with {ulphur. Urged with con- 

: tinued intenſity of heat, this grey oxyde is reduced into a 

glaſs of a reddiſh brown or an hyacinthine colour. Heat- 

ed with an equal quantity of black flux and a ſmall pro- 

portion of black ſoap or oil, the grey or vitreous oxYDE 
OF ANTIMONY is reduced into the perfect metallic ſtate, 


3. 
Characters ANTIMONY in its pure and perfect metallic ſtate, is of a 


* 


ol pure AN» ſparkling white colour, in large plates, brittle, ponderous, 


TIMON x. 6 
apt to exhibit on its ſurface, a cryſtallization reſembling 


' ſtars or fern leaves. It appears likewiſe in trihædral py- 
ramids, conſiſting of figures like hoppers which ſtand on 
their angular points, one above another. In water, this 
ſame metal loſes th part of its weight. It is eaſily reduci- 
ble to a powder. It acts in a very ſenſible manner on one 
ſtomach z and is both emetic and purgative. 

a, ANT1MONY is liable to no alteration from the contact of 
te reactions igt. It does not melt till red-hot. Expoſed to an intenſe 
vith other zen: in cloſe veſſels, it is wholly volatilized, without ſuffer- 
ſubſtances. jng decompoſition. Left to cool flowly after this fuſion, it 

aſſumes that hoppered cryſtallization which was above men- 
tioned. By fuſion in open veſſels, it is quickly oxydated 
in a white ſmoke; which is precipitated on the ſurface of 
the melted metal, or fixed on the lid of the crucible in 
ſmall white needles; and which has been improperly de- 
nominated ſn-w of antimony. From combuſtible matters, 
ANTIMONY, ſuffers alteration, ' By the air, its ſurface is but 


a very 
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a very little tarniſhed. It is not ſoluble in watery. The BOOK . 
| . „Sxc. VIII. 
earths have no power of action on Ax TMNT. The ... 
phuric acid, if boiled over Ax71MoNY, diflolves and oxydates 
a portion of the metal. The ſolution is attended with the 
evolution of pure ſulphur, and of ſultureous acid gas. The 
reſidue conſiſts of ſulfate antinony and ov Or ar- 
MoNY, both which have been formed in the proceſs. Ni- 
tric acid diſſolves a portion of that axTIMony on which it 
is poured ; producing, a nitrate of antimony, and oxyde an- 
timomy. The oxydes of antimony obtained by the nitric 
and the ſulphuric acids, are exceedingly difficult of reduc- 
tion. Muriatic acid diſſolves axTiMoxy by long digeſtion 
over it. A muriate of antimony is obtained in ſmall deli. 
queſcent needles by violent evaporation, It is known by 
the improper denomination of butter of antimony, This 
falt melts in the fire, and is decompoſable by diſtilled wa- 
ter. This ſalt may alſo be obtained by triturating 1 part 
of native ſulphure of antimony with 2 parts of mercurial 
muriate, and then expoſing this triturated maſs to diſtilla- 
tion. The muriate of antimony is then ſublimated; and 
the ſulphur combines with the mercury, to form cinnabar. 
The nitro-muriatic acid diſſolyes aNTIMOny with a more 
potent energy than that of either of the two acids of which 
this compound acid is formed. Nitro- muriate of antimony is 
very deliqueſcent, and may be decompoſed like the other 
faline combinations of this metal. AxTixoxy, by various 
proceſſes decompoſes ſulphate of potaſh, nitrate of potaſh, 
muriate of ſoda. All combuſtible matters a& more or leſs 
on this metal. Gas-hydrogen alters its ſurface and colour. 
Sulphur enters readily into an artificial union with this me- 
tal, which forms a mixture ſimilar to the native ores of 
 axTIMoxny, Alkalin ſulphures alſo diſſolve the metal. The 
combinations 
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BOOK VII. combinations of An rI MONT with arſenic and biſmuth, have 
Sxc. VIII. 
— yet been examined. 


Ox rok or ANTIMONY is obtained from the ore or from 
= e oxyde the purified. metal by ſeveral proceſſes already mentioned. 
ur. In all inſtances in which at a proper temperature, there are 

preſented to anNT1MOnr, ſubſtances containing oxygen that 
has a ſtronger tendency to combine with the AwTIMONY, 
than to remain in union with the ſubſtance in which it at 
firſt exiſts; the metal will invariably be oxydated. The 
GREY OX TDR OF ANTIMOxy Is, as we have ſeen, uſually ob- 
tained from the ſulphurated ore, The vitreous oxyde is pro- 
duced in conſequence of urging the grey oxyde with a 
ſtrong intenſity of heat. The white ſublimatied oxyde of anti- 
mony is produced by the ſublimation of metal under the ac- 
tion of heat in open veſſels. From the action of the ni- 
tric, the ſulphuric, the muriatic, and the nitro-muriatic a- 
eids, we have ſeen that there are oxyDes OF ANTIMONY pro- 
duced with ſome diverſity of qualities. By the action of 
the different neutral ſalts upon this metal, we have ſeen, 
that it undergoes in moſt inſtances, more or leſs of oxyda- 
tion. Such is the origin of the oxyDEs OF ANTIMONY. 
The white ſublimated oxyde it urged with fire, is again ſub- 
limated by itſelf. It may likewiſe be melted into an orange- 
coloured glaſs, paler, more tranſparent, more difficult to 
melt, than that which is formed with the grey oxyde of anti- 
mony. The white ſublimated oxyde appears to be ſoluble in 
water; and ſeems to communicate to that fluid, certain e- 
metic qualities. Oxydes of antimony in general, but particu- 
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| larly thoſe formed by the action of the acids, are extremes 
<4 ly difficult of reduction. AxTIMoxr is oxydated the moſt 
4 oaſily by the oxydated muriatic acid, * 1 
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SULPAURE or ANTIMONY being much uſed in prepara- 2 
cr. V 


tions for the purpoſes of medicine, deſerves to be here par 


ticularly examined and deſcribed. It is generally more en- 
tirely diſſolved, but leſs completely oxydated by acids, than 


the pure metal. The nitro-muriatic acid may be beuefi- 


cially employed to ſeparate the ſulphur, which it precipi- 
tates in the form of a white powder. Roaſting is, as we 


have ſeen, employed for the ſame end of driving off the 


ſulphur. - It is the ſame thing which is accompliſhed by 
the detonation of 8VLPHUxE OF ANTIMONT With nitrate of 
potaſh. Iron and ſome other metallic ſubſtances likewiſe 
attract ſulphur from its union with anTIMony. One part 
of SULPHURE OF ANTON, detonized with three parts of 
nitre, affords that white oxyde which is named diaphoretio 
| antimeny. Equal parts of the ſalt and the mineral, mixed 
together, and poured by ſpoonfulls inte a red-hot crucible, 


detonize more ſlowly, and afford a brotn opake glaſs of an- 


timony, covered with ſcoriz : for in this inſtance the ſulphur 
not being completely burnt, makes the exyds of antimony to 
melt with itſelf into a glaſs, If not urged by fire into a 
ſtate of fuſion, the product of this operation, is nothing 


but a vitreous ſcoria, which was formerly named Rulland's 


falſe liver of antimony. Reduced to powder, and then waſh- 
ed with water, this matter forms what is called cracut me- 
tallerum. There is another ſulphurated glaſs of Ad TIM 
known by the name of ruby of antimony, or magne/ia qpalina, 
which may be obtained by melting in a crucible, equal 
parts of decrepitated muriate of ſoda, nitre, and SULPHURE 
OF ANTIMONY. It is a vitreous maſs of a light brown co- 
lour, very brilliant, and covered over with white ſcoriz. 
Another ſulphurated glaſs of anNTixoxr, improperly term- 
ed medicinal regulus is prepared by melting a mixture of 15 
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tated muriate of ſoda, and 3 ounces of tartar. The reſult 
is a gliſtering black glaſs, very opake, and very denſe. In 
the ſmall way, pure axnTiMoNY may be extracted from its 
fulphurated ore by mixing together 6 ounces of tartar, 3 


ounces of nitre, and 8 ounces of $ULPHURE OF ANTIMONY : 


pouring the mixture by ſpoonfulls into a red-hot crucible ; 
awaiting its fuſion z and then pouring the whole into an 
iron cone greaſed and heated: The pure antimony, after 


| the whole is cool, will be found in a pyramid at the bottom 


of the veſſel : If it be ſufficiently pure, its upper ſurface 
will exhibit the regular appearance of a ſtar, It will be 


covered, too, with ſcoriæ; which, if boiled in a large 


quantity of water, will yield by filtration a carbonaceous 
matter. The remaining liquor, clear while it continues 


warm, becomes turbid by cooling, and then depoſites a 
_ reddiſh matter which is termed kermes mineral by the dry 
way,—but is at preſent believed to be amimoniated ſulphure 


of potaſh. An acid poured into this liquor, precipitates 
from it, a ſulphurated oxyde of antimony of an orange 
yellow colour, which was formerly called golden filver an- 
timony, and which differs but little from kermes. SULPHURE 
OF ANTIMONY reduced to a powder, and boiled for a few 
moments in water containing carbonate of potaſh or of ſo- 
da; depoſites, after filtration, and by cooling, a portion of 


| bermes or red ſulphurated oxyde of antimony. An alkaline 
lixivium boiled anew over the reſidue, will cauſe it to give 


another depoſite of lermes, ſomewhat paler in colour than 
the firſt. A number of other metallic ſubſtances alſo de- 
tach the ſulphur from the ax7IMoxny. Tin, iron, copper, 
and ſilver, are all capable of efſecting this decompoſition. 
Only, a ſuſing heat is neceſſary to the union. Ammonia- 
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cal muriate if diſtilled with $ULP#URE or ANTIMONY, af- BOOK vn. 

fords a pulverulent, purple ſublimate, which appears to be I 

2 kind of antimoniated ſulphure with a baſe of ammoniac. 
ANTIMONY 1s much employed in medicine and in the 

arts. It was once much uſed in pills, as a purgative me- Uſes of an- 

dicine. But, ſafer and leſs uncertain purgatives having ©2007 

been adopted z the antimonial pills are now little uſed. 

SULPHURE AND OXYDE OF ANTIMONY in their different 

preparations of Crude ſulphure of antimony, —Rotrou's 

ſolvent, —diaphoretic antimony, —kermes mineral, — golden 

ſulphur, —are now the only antimonial medicines frequent- 

ly preſcribed. Scrophulous diſorders, pituitous affections 

of the ſtomach, lungs, inteſtines, and urinary paſſages, and 

caſes in which a ſudorific effect is required, —are the in- 

ſtances in which theſe antimonial reraedies are uſually gi- 

ven. ANTIMONY is uſed in caſting types for printers ; and 

in others of the arts. 
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Zinc, and its Compounds. 


SECTION NINTH. 


OF ZINC, AND ITS COMPOUNDS. 


Foo VI. y JE is ſaid to be, next after iron, the moſt common of 


SECT. IX. all the metals. 


It is found ſometimes in the ſtate of pure 
native ZINC in its perfect metallic form: And in this caſe, 


Origin of it appears in pliant filaments, greyiſh, and inflammable. 


2. 
Extraction 
of the me- 
tal from the heating the mixture in a crucible covered with a plate of 


 mnaris. 


Sometimes it is found in an oxyde, intermixed with vari- 
ous other ſubſtances, and in many diverſities of form: In 
this ſtate, it is uſually denominated calamine or Ii calu- 
In other inſtances, it is mineralized by ſulphur, 
and forms what is called ſulphure of zinc, or blende : In this 
ſtate it is cryſtallized in a diverſity of polygonal figures. 
In another ſtate it is ſparry and carbonated, or formed by 


the ſulphuric acid into a ſulphate of zinc in rhomboidal 


cryſtals, in ſtalactites, or in filky filaments. It is found in 
Germany, in France, in Britain, in Norway, in Italy, and 
in various other countries. 


The calamines or oxydated ores of zivc are affayed by 


reducing them to a powder, mixing it with charcoal, and 


native Orcs. re copper. The copper immediately becomes yellow, and 


is converted into braſs. 
accurately performed in 


And the ſame aſſay may be more 
the humid way, with ſulphuric 


acid. Where theſe calamines are of a more compound na- 


ture, they may be treated three times ſucceſſively with nit- 
ric, and afterwards with muriatic acid. Blendes, or the 


fulphurated ores of 21Nc may be beſt aſſayed by the uſe of 


the nitro-muriatic acid, and by diſtillation, To obtain zinc 
| | for 


a We a4 a HB . / . 


—_ St A ww 2 i bod ew A A eta Cl 


Zinc, and its Compounds. 2287 


for uſes in the large way, the ſulphurated ores are melted BOOK Yu. 

in mixture with lead: And the zixc is then partly n * 

mated, in part precipitated by cooling at the forepart of 

the furnace. That which is ſublimated, is particularly de- 

nominated by the improper appellation of cadwia fornacum. 

In Britain, zixc is obtained in the great way by diſtillation 

in an oven-ſhaped furnace, in which are placed pots con- | 

taining calamine and charcoal, and having each an iron 

pipe paſſing from it, through the floor of the furnace into 

a veſſel of water. The zixC is ſublimated by the heat; 

and paſling through the pipes into the water, is there con- - 

denſed and fixed into ſmall particles. Theſe are after- 

wards melted into ingots, which are expoſed to fale by the 

name of ſpelter. . This mode of extracting zinc from its 

ores, is ſaid to be of Chineſe origin. Our pureſt zixc is 

obtained from China, under the appellation of tutenag. It 

is a very rich ore, and contains from 60 to ,90 parts of 

pure zinc. 
Pure metallic zixc is cryſtallized in narrow laminæ — rac | 

in larger plates; is brittle, yet yields with a certain degree ters of the 

of elaſticity under the hammer; is of a blueiſh white ſpark- Pure acta 

ling colour; is eaſily fuſible; is of all metals the moſt in- 

flammable; when red-hot, burns with a beautiful yellowiſh 

white flame; decompoſes water with great energy. 
If expoſed to heat in cloſe veſſels, zinc melts, and volt- te rendiione 

tilizes without being decompoſed. If ſuffered to cool llos- uh — 

ly in a veſſel from which a part of it may run out; the ſubſtances 

remainder is cryſtallized in needled priſms. Expoſed to 

the air, while in fuſion, it is covered with a grey pellicle 

which is ſoon converted into a yellowiſh oxyde, eafily re- 

ducible. In other reſpects, this metal is ſcarcely alterable 

by the influence of air. Meſſrs Lavoisizs and Dx Mxv- 
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288 Zinc, and inn Compounds. 
BOOK VN. xi in their experiments on the. decompoſition of water, 


bound that zinc when juſt beginning to be red-hot de- 
tached the oxygen of that fluid with great force. Zixc is 

capable of entering into vitreous compounds, and of com- 
municating to glaſs, a yellow colour. Liquor of cauſtic 

| potaſh, or feds, if boiled over zinc, blackens the ſurface of 
the metal, and oxydates a part of it. Aimmoniac, on ac- 
count of its volatility, acts with leſs energy on this metal. 
Sulphuric acid, cold, poſſeſſes the power of diſſolving zixc; 
the acid being diluted in water. The ſu/phate of zinc, which 
is the product of this decompoſition, is cryſtallizable in tetra- 
hædral priſms, terminating in pyramids that have alſo four 


ſulphate of æinc by the action of beat. Sulphate of zinc is inalte- 
rable by air; is decompoſable by #umin, baryt, magneſia, 
lime, and the three alkalis; mutually decompoſes, and is de- 
compoſed by nitre. It is improperly termed in commerce 
 wwhite copperas or wwitriol of geſiard. Nitric acid if diluted in 
water, and cold, combines with zixc with great force and 
Tapidity. There is an emiſſion of heat while the combina- 
tion takes place, and a large diſengagement of nitrous gas. 
The ritrate of zinc now formed, affords by evaporation and 
cooling, compreſſed and ſtriated tetrahædral, terminating 


In four-ſided, ſtriated pyramids. It is reducible to nitrate of | 


zinc by diſtillation, which evolves from it a quantity of ni- 
trous gas. It deliqueſces when expoſed in the open at- 
moſphere. The muriatic acid acts on zinc with as much 
energy as the nitric acid. The ſolution thus effected, is 
colourleſs, and does not cryſtallize by evaporation. By 
diſtillation it affords a ſmall portion of highly fuming mu- 
riatic acid, with a ſolid fuſible muriate of zinc. The carbo- 
nic acid diluted in water, and digeſted over zinc, diflolves a 

| 5 ng; 


| fides. Its taſte is ſtiptic; and it ſeems to be convertible” into 


Zine, and its Compounds, | —_ 


not inconfiderable portion of it in the ſpace of twenty-four BOOK VN.” | 
hours: The ſolution being expoſed to the air, affords a _ _ 
wn of carbonate of zing. All folutions of 

Z1NC in acidd are precipitated by lime-water, magneſia, fix- 

cd alkali, and ammoniac. Zixc decompoſes ſulphate of 

potaſh by attracting its oxygen: when in filings, makes 

nitre detonize with aſtoniſhing rapidity z decompoſes alſo 

muriate of - ſoda z effects the ſame decompoſition with a 

more powerful energy upon ammoniacal muriate ; forms a 

ſulphate of zinc by the decompoſition of ſulphate of alumin. 

Immerſed im gas-hydrogen, zixc has been obſerved to af- 

ſume, after ſome time, a very bright but changeable blue 

colour. It is almoſt incapable of combination with ſulphur. 

Yet, by fuſion, an artificial b/ende may be formed, in which 

the ſulphur is combined either with zixc or with its oxyde. 

This metal is not incapable of union with *ar/eriic ; but, 

with the oxyde of arſenic unites leſs eaſily. With antimo- - 

ny, it forms a hard brittle mixture. 

We have ſeen, that in the native ores of zive, it is gene- «g. 
rally an oxyde that is found, not the perfect metal. In aa 
the moſt part of its artificial combinations, the metal is 
oxydated by the combining proceſs; and by conſequence 
exiſts only in its oxyde, in the new compound. The F 
OXYDE OF ZIXC obtained by the expoſure of melted Zixc to 
the atmoſphere, is yellowiſh. But if this ſame melted me- 
tal be expoſed to a greater intenſity of heat, the oxxox is 
volatilized by the current of the flame, aſcends, and is af- 
terwards condenſed into little white flakes, which are im- 
properly termed flowers of zinc, pompholix, nihil album, phils- 
fſophical aue or cotton. Their gravity is greater than that 
of the metal from which they are formed; being augment- 
el by the weight of the oxygen which they have acquired. 
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290 Zinc, and its Compounds. 
| BOOK Nr This oXYDE if expoſed again to heat, remains fixed; dif. 


wa.) Plays 2 phoſphoric light in the dark, and melts into a beau- 


Its uſes, 


tiful yellow coloured glaſs. OxrypE or zinc expoſed to 
heat in contact with carbon, yields a part of its oxygen to 
the carbon, and is thus itſelf reduced in part to a metal. 
Ozrpe or 2z1xc is alſo obtained by precipitating the acid ſo- 
lutions of the metal with lime, magneſia, potaſh, ſoda, or 
ammoniac. It appears in flakes and is eaſily reducible. 
In the arts, zinc enters into ſeveral metallic mixtures; 
particularly into tombac and prince's metal. Filings of 
zinc are mixed with powder, to produce artificial ſtars in 
fire works. Zixc has been recommended as preferable to 
tin for the purpoſe of plating copper veſſels. Sublimated 
oxyde of zinc has been given ſometimes ſucceſsfully, ſome- 


times ineffeCtually as an antiſpaſmodic. Pomphulix, tuttia, 


&c. are uſed as excellent deſiccatives for humours affecting 


the eyes. 
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SECTION TENTH. 


b aa. . * 
" \ 0. 
FSR a oe 


OF MERCURY, AND ITS COMPOUNDS. * 
Mexcorr is not a metallic ſubſtance extremely plentiful goox vn. $58 
in nature. It is found in a virgin itate, poſſeſſing all its Sor. X. : 9 
metallic properties; in a ſtate of oxydation; or in combina- 1. ig 
tion with acids, ſulphur,-and other metallic matters. Vir- Origin of 2 

F MERCURY "25 
gin or fluid mercury has been found in globules or in large W-. 
maſſes, in earths and ſoft ſtones, and moſt frequently in 75 


the cavities and interſtices of its own ores. At Ydria, in 
Spain, and in America, it is gathered in the cavities and 
dclefts of the rocks. It is found in clay at Almaden, in 
beds of chalk in Sicily. It is to be found alfo at times a- : 
mong ſilver and lead ores, as well as mixed with white 
oxyde of arſenic. At Ydria in Friuli, has been found a 
red-brown ore of mercury, ſoft and granulated in its frac- 
ture, which is regarded as a carbonated oxyde of mercury, 
and which has been found to afford g1 parts of mercury, 
out of 100 parts of the ore. A cryſtallized ore of MERCURY, 
which a proper aſſay ſhewed to be a compound of ſulphate 
of mercury with corroſive mercurial muriate, was in the year 
1776 found by Mr Woulfe at Obermuſchel in the Duchy of 
Deux-Ponts. In nature, mercury is ofteneſt found in com- 
bination with ſulphur. This natural compound is gene- 
rally known by the name of cinnabar. It is found in the 
Duchy of Deux-Ponts, in the Palatinate, in Hungary, in 
Friuli, at Almaden, and in South America—where it chiefly 
abounds at Guamanga in Peru. There is a blackiſh ore 
of MERCURAT- in which it is ſaid to be combined with ſul- 
phur and copper, and which is found at Mufchel-Land- 
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Mercury, and its Compounds. 


BOOK vn. ſberg. Mercury has been found, too, in amalgamati- 


Sect. X 


BE with virgin filver, in the ore of Sahlberg in Sweden. 


2. 


There i is alſo ſaid to have been obtained from Dauphine, 
an ore of mercury, containing mercury, ſulphur, arſenic, 
cobalt, iron, and filver ; and which afforded, upon aſſay, 
1 pound and a 
weight of ore. 

An ore of ERC UH may be aſſayed by pounding a por- 


Aſſay of its tion of it, mixing it with lime, alkalis, &c. placing it on a 


ores, and 
extraction 


hot brick, and holding over it a bell-glaſs to receive the 


of the metal ſublimated mercury, which will be condenſed on the ſides 


of the glaſs. Virgin mercury is obtained pure by grind- 
ing down the ſtones that contain it, and diluting the 
powder in water: the mercury is then precipitated, Cin- 
nabar is almoſt always found in nature, in mixture with 
ſome calcarcous or martial ſubſtance, which contributes as 
an intermedium to its decompoſition by fire. In Spain, at 


Almaden, the uxkcvar is extracted from cinnabar in the 


great way, by heating the cinnabar with combuſtible mat- 


3. 
Characters 


ters in a ſort of reverberating furnace, with a few holes in 
its back, and aludels beyond, correſponding to theſe holes: 
the ſulphur is abſorbed by the iron and calcareous matters 
of the native combination, while the MERCURY, being ſub- 
limated by the heat, paſſes through the holes in the back 
of the furnace, and is condenſed in the aludels. However 
this proceſs may be in other inſtances diverſified ; lime and 
carbonaceous matter are ſtill employed to kindle up a due 
intenſity of heat, and to abſorb the ſulphur z and the pure 
MERCURY is {till procured by ſublimation, 

Pure fluid uRRCURT, however obtained, is fuſible at the 


of i ke pure temperature of 35% under zero in Fahrenheit's thermo- 


met 


meter, and at 380 under zero congeals. It is reducible by 
comminution 


CDS aol and its C ompounds. ö — 


A cubic foot of MERcuxr, if very pure, weighs 947 POR 4 

In water it loſes Arth part of its weight. Its ductility or 
tenacity cannot be determined, Its exceſſive weight, 
habitual fluidity, extreme volatility, and the ſingular alte- 
rations it is liable to ſuffer. by combination, may induce us 
to regard it as a peculiar ſubſtance, not otherwile allied to 
the metals, than by its brilliancy, gravity, and combuſtibi- 
lity. 

Mrzcuny does not appear to ſuffer any alteration from #+.. 
light |t 1s one of thofe fluid matters which are the moſt with other 
caſily aud uniformly heated. Of all fluids, it has e 
found by experience the fitteſt for the conſtruction of ac- 
curate thermometers. It was firſt proved to be ſuſceptible 
of congt lat ion, fince the middle of the preſent century, 
and by experiments made at Peterſburgh, at Hudſon's bay, 
at Rotterdam, and in England. If expoſed to fire in cloſe 
veſſels, it boils like other fluids. The vapour into which 
it is transformed by ebullition, appears in the form of a 
white ſmoke, obſcures the tranſparency of the veſſels into 
which it is received, and is condenfed by cold into drops 
of liquid mercury. It may be purified, like water, by diſtil- 
lation. Beerhaave diſtilled the fame quantity of Mercury, 
5eo times ſucceſſively, without effefting any alteration 
upon it. Its fe is indeed imperceptible to the organs of 
taſte, yet produces a ſenſible effect on the ftomach, the in- 
teſtines, and the ſurface of the ſkin. Inſecte and worms 
are eaſily deſtroyed by it. The vapours of mercury have 
a powerful expanſive force, ſufficient to burſt even an iron 
ball, and to produee various conſiderable explofions. 

2 Mercury 
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294 Mercury, and its Compounds. 


BOOK VH. Mercury is extremely ſuſceptible of oxydation by the con- 


na cf air, and other bodies : a blackiſh grey pellicle is 
continually forming on its ſurface, which is nothing elſe 
than an oxyde. If heated with acceſs of air, this metal is 
within a few days, changed into a red, brilliant, ſcaly, ear- 
thy powder, which is likewiſe an oxyde. A very large 
and broad cryſtal bottle called Boyles hell, has been con- 
trived for the purpoſe of oxydating mercury without the 
contact of any ſecond ſubſtance to favour the oxydation. 
A quantity of mercury is incloſed in this bottle, in ſuch a 
proportion as to be ſpread in a very thin layer over its ſur- 
face. The mouth of the bottle is fitted with a cryſtal, cy- 
lindrical ſtopper, perforated with a capillary tube. The 
bottle is then placed on a ſand-bath, and the mercury is 
thus heated to ebullition. The capillary aperture in the 
ſtopper of the tube admi:s the external air, without ſuffer- 
ing the MzRCURY to eſcape. Digeſtion in this manner for 
the ſpace of ſome months, affords in the end a large pro- 
portion of MERCURIAL OXTDE. 'The ſame thing may be 
| accompliſhed within a few days, fifteen or twenty, by uſing. 
broad-bottemed mattraſſes. Mxkcunx is very little, if at 
all liable to ſolution in water. It is not more diſpoſed 
than are the other metallic ſubſtances, to unite with earths. 
Concentrated ſulphuric acid is capable of diſſolving uER- 
CUzY, with the aid of heat. There is a diſengagement of 
ſulphureous acid gas, and the liquid acid remaining, be- 
comes turbid with MERCURIAL ox IDE. The ſulphuric 
mercurial maſs thus obtained, is ſoluble and precipitable in 
hot water into a beautiful yellow powder, known by the 
name of turbith mineral or yellow precipitate. Mxxcuxx de- 
compoſes the nitric acid with great rapidity. A mercurial 
oxyde is produced by this decompoſition. And nitrous-a- 
5 cid. 


Mercury, and its Compounds. 


* 
cid-gas is at the fame time diſengaged. The muriatic acid Rs 


does not act in any ſenſible degree upon pure metallic — 


MERCURY. The boracic acid is not capable of diſſolving 


MERCURY without an intermedium. We know not well, 


in what manner, the fueric and the carbonic acids act upon 
this metal. The neutral falts are underſtood to poſſeſs no 
ſtrong powers of acting upon Mercury. This metal has, 
however, been remarked to incorporate readily with ful- 
phate of potaſh, Msrcuxy triturated with muriate of am- 
moniac, affords, with the aid of moiſture, lengthened ex- 
poſure to the air, and at laſt ebullition in alcohol, and up- 
on a ſand-bath,—an ammoniaco-mercurial-muriate, a new 
and peculiar neutral falt, We know not how gas-hydrogen 
acts upon MERCURY. With ſulphur, this metal readily com- 
bines : A black /ulphure of mercury, improperly named E- 
thiops-mineral, is the reſult of the combination. Another 
preparation of MExcURy with ſulphur, forms what is called 


vermillion, Native cinnabar is a mixture of a ſimilar cha- 


rater. Alkaline ſulphures are ſubject to be inſtantaneouſly 
decompoſed by MzrRcuRY, Running mexcuRy, if ſhaken 
in water impregnated with /u{phurated hydrogenous gas, oc- 


caſions a decompoſition of which the reſult is a black /ul- 


 fhare of mercury. Biſmuth readily unites with Merxcury, in- 


to a bright friable matter, more or leſs ſolid, according to 


the quantity of the %u. This amalgam cryſtallizes in- 
to four- ſided figures which ſometimes join in octohædrons: 
More frequently, however, this cryſtallization is into thin 


plates of no regular form. By fuſion, MERcURT may be 


brought to unite with zinc; but by no means with nickel 
or antimony. The amalgam of MERCURY with zinc, is ſo- 
lid, but may be rendered fluid by trituration. It cryſtallizes 
into ſquare plates, apparently rounded at the edges. 

1.4 5 The 


ED 


DOE EL Tre ge, 


2 4 =; « a” 
* 4 — g 
N 9 


ii 1 
* 

= = wn = — % 
- — 


N 
— 8 
44 
> 


e 
x > 2 


2 N 


Got 


= %* 2 x 
it ak 57 


— 


% 
© 4 
* * — -— 
1 \ e 4 * 
= * 
2 * 


4 
5 


14 
nn 


SS 


, — Paget ney oo og wt 


* — 2 * * * 
a. "ITE * _ 
. * — — — My 


> ö 


Dr I RI Cena a yy, 
abr % 
— 


rn 
. > Es * 


* ». x 


— 


* ' v4.25 
Ce r 


* F 
* . uy þ — 
a = "3 
wo r 4 4% i 


20s" © 3, 


$2.4 


3 D 


296 Mercury, and its Compounds. 


Nature and 
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BOK vn. The OXYDE or MERCU+yY is obtained by a number of the 
Ser. X. 9 | 
ory my, Procellcs with acids, &c. which have been above enumera- 
5. ted. It is obtained more particularly by that proceſs which 
was deſcribed as oxydating this metal without the preſence 


relations of 


the oxvPE® of any ſecond ſubſtance, ſave atmoſpheric air. Of this pro- 


of mercur 


ceſs, and the oxyde formed by it, we may obſerve z that 
only the oxygenvus part of atmoſpheric air, contributes in 
this inſtance, to the oxydation of the metal; that the 
weight of the MERcURr is always augmented by its oxyda- 
tion; that, this oxyde or precipitate per ſe, is reducible by ex- 
poſure to heat in. cloſe veſſels, and gives out, while it is re- 
duced, a large quantity of genuine gas-oxygen; that how- 
ever, when heated with acc of air, and only then, this 
ox rDE OF MERCURy-is not reduced, but is entirely ſublima- 
ted, and may, even be melted into a glaſs of a beautiful red 
colour ; that, after all, this ſublimated and vitreſied oxyde 
is, at laſt reducible by the action of a ſufficiently intenſe 
heat, applied to it in cloſe veſſels. This rD oxyDg or 
MERCURY might, no doubt, be fixed in-glafles, like the 
oxyde of arſenic. The oxyde produced by the ſolution of 
"MERCURY in concentrated ſulphuric acid, is by cold water 
obtained in a white precipitate, by hut water, —in a gelliao 
precipitate, It is reducible by expoſure in a retort to the 
continued action of fire: A plentiful diſengagement of gas- 
Oxygen accompanies its reduction. Ot the oxrDE oF MER- 
cvky produced by its ſolution with the concentrated ſul- 
phuric acid, a part entering into a perfect ſaline combination 
with the acid, forms with it a genuine ſulphate of mercury. 
This ſalt, by evaporation with a ſtrong heat, is obtained in 
ſmall needles, of indeterminate form, ſoft, and deliqueſcent. 
When the ſulphuric ſolution of MERCUxy is not overcharg- 
ed, but merely ſaturated with metallic oxyde, no precipi- 
tate, 
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tate, white or yellow is to be obtained from it. Sulfate of BOOK VII, 
MERCURY is decompoſable by lime and magneſia, as well as om" 
by the fixed alkalis. With ſulfate of mercury with exceſs of 
acid, ammoniac forms a triple ſalt, ammontace-mercuriat-ſul- 
fate. That oxyde of mercury which exitts in mercurial nitrate, 
is ſeparable in part by diſtilled water, when the acid is ſuper- 
faturated with the oxyde ; but if the acid be only duely ſa- 
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turated, or even not ſufficiently ſaturated with oxyde z no 4 
precipitation of oxyde or decompoſition of the neutral ſalt, 2 
can be accompliſhed by diſtilled water. The ſolution of by 
MERCURY in nitric acid, is exceedingly cauſtic and corroſive, 30 
capable even of deftroving the organs of animals, It is 2 
obtained, as circumſtances vary, either — in flat ſolid cryſtals 8 . 
of 14 ſides formed by the junction of 2 tetrahzdral pyra- A 
mids, cut very near the baſe, and truncated at the 4 angles 71 
which reſult from the junction of the pyramids ;—in acute 24 
ſtriated priſmsz—in long and very acute flat needles, ſtriated | 12 
length- wiſe or in very long needles, ſlender, flexile, and 1 
glofly like ſattin. In whatever form of cryſtallization, nit» * 4 
rate of mercury is ſtill cauſtic and corroſive, —ſtill detonizes * 
on burning coal, —melts by heat in a crucible,—yields a red | * 


r 


precipitate or oxyde by fuſion, —affords by diſtillation nit- 
rous-gas, gas- azote, and reduced mercury, becomes yellows 
iſh, and is flowly decompoſed in the air,—is ſoluble in wa- 
ter, whether cold or boiling, —and cryſtallizes by cooling. 
Muriatic acid, although incapable of combination with the 
metal, readily combines with its oxyde, with attractions 
more powerful, than thoſe ſubſiſting between this oxyde 
and any of the other acids. The combination of oxvDE 
OF MERCURY With muriatic acid, is ſuſceptible of two dif- 
ferent ſtates : In one, formed with the common muriatic 
acid, it is mild mercurial muriate: In the other, formed with 
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3 In. the oxygenated muriatic acid, it is corroſive ſublimate or cur- 
ECT 


M, ercury, and its Compounds. 


— ue mercurial muriate. The moſt common mode of pre- 


paring corroſive mercurial muriate, is the following. Mix 
equal parts of dried nitrate of mercury, decrepitated muri- 
ate of ſoda, and white ſulfate of iron. Put this into a mat- 
traſs of ſuch a capacity, that it may be only one-third filled 
by the mixture. Immerſe it into a ſand-bath, and heat it 
gradually till its bottom be red-hot. The ſulfuric will diſ- 
engage the muriatic acid: the ſoda will detach the nitrous 
acid: The oxyde of mercury, and the muriatic acid being 
thus reſpeRively ſet at liberty, will combine: The reſult 
will be—corrgfve mercurial muriate : For the oxygen in the 
mercurial oxyde added to that in the common muriatic 
acid, occaſions the effect to be the ſame as if oxygenated 


muriatic acid had been at the firſt employed. Kunckel, 


and after him, Boulduc, have given a very good proceſs for 
preparing corrofrve mercurial muriate in a ſtate of extraordi- 
nary purity. Heat together in a mattraſs, equal parts of 
ſulfate of mercury and decrepitated muriate of ſoda. You 
will obtain a ſublimate of corroſive muriate of mercury; 
and only ſulphate of ſoda will remain ia the bottom of the 
mattraſs. However we may judge of theſe two proceſſes ; 
there is yet a third ; which conſiſts fimply in the pouring 


of oxygenated muriatic acid into a ſolution of nitrate of 


mercury, and then ſlowly evaporating the mixture. Cryſ- 
tals of corroſive mercurial muriate are thus obtained, Cor- 
rofrue mercurial muriate acts with great energy on the ani- 
mal ſyſtem. Its taſte is ſtrongly ſtiptic and metallic. A 


few grains of it, taken in an equal portion of water, are 


ſufficient to operate as a ſtrong poiſon, It ſuffers no alter- 
ation from Jig. It is volatilized and imperfectiy vitrified 
by beat ;, which, if intenſe, and acting in the open air, diſſi- 

pates 


Mercury, and its Compounds. 


pates it in a white ſmoke, Heat acting on it, more ſlowly, BOOK VII. 
ſublimates it in a regular.cryſtalline form. Its cryſtals are 


then compreſſed priſms, terminating in very acute points, 
From air this ſalt ſuffers no alteration ; nor is it decompoſ- 
ed by fire, It is ſoluble in 13 parts of water to 1 part of 
the ſalt z and is again cryſtallizable from this ſolution, into 
flat priſms, which are obtained by evaporation. It is de- 
compoſable by baryt, magneſia, and lime, which make it 
yield a precipitate of oxrDz oF MERCURY. + a drachm of 
corroſive mercurial muriate caſt into a quantity of lime-wa- 
ter, affords the phagedenic water employed by ſurgeons. 
Fixed alkali ſeparates from corroſive mercurial muriate, an 
orange-coloured oxyde. Ammoniac produces from it, a 
white precipitate which turns afterwards flate-coloured. 
Neither the acids, nor the alkaline neutral falts, produce 
any alteration upon this ſalt. It contrafts, but without 
ſuffering decompoſition, an intimate union with ammonia- 
cal muriate. The /al alembreth of the alchemiſts, was form- 
ed by the union of theſe two ſalts in the way of either ſu- 
blimation or cryſtallization. Corroſeve mercurial muriate is 


not ſubject to be altered by gas-bydrogen. Sulphur pro- 


duces no change on it; but it is ſubject to be decompoſed 
by alkaline ſulphures. Its decompoſition by arſenic, affords 
a muriate of arſenic improperly named correfrus oil, or butter 
of arſenic. The effects of nickel, cobalt, and manganeſe on 
corroſive mercurial muriate have not yet been examined. 
By diſtillation with „%, it affords alſo a muriate of bi 
muth improperly called butter of biſmuth. By diſtillation 
with antimony, it yields muriale of antimony, improperly term- 
ed butter of entimony. Corroſive mercurial muriate is alſo 
decompolable by zinc. The new products are muriate of 
zinc and mercury. With running meKCuRY, cerreſve mor- 
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Mercury, and its „ 
BOOK VII: curial muriate is even capable of entering into oben; 


and by this combination loſes its peculiar taſte and ſolubi- 
lity, with moſt of its other ſaline properties. This new 


combination may be effected in the way of trituration 


which will be more eaſily and ſafely effected, if the corroſeve 
mercurial ſublimate be firſt formed into a paſte with water, 
and then triturated with the running wizcury. The pro- 
duct is known by the names of mrrrurius dulcir, or more 
properly mild mercurial muriate. This mild mercuriat muriate 
contains the muriatic acid without any exceſs of oxygen. 
It is incapable of receiving into combination with it, any 
new quantity of running Mzxcukxy. It may be brought 
into the ftate of corrofrve mercurial muriate by ſublimation 
with decrepitated marine falt, and white calcined ſulfate of 
iron. 80 much for the oxYDE or MERCURy and its com- 
pounds. 

The fluidity of metallic MERCURY, and its ſingular ſenſi- 
bility to heat and cold, are well known to fit it in a peculiar 
manner for the conſtruction of thoſe valuable inſtruments 
of ſcience, the barometer and thermometer. Crude mercury 
is boiled in water, as a vermifuge ; and is mixed with fats, 


to be applied as an ointment in venereal complaints. 7ell,w 


oxyde of mercury, oxydated by the ſulphuric acid, is power- 
fully emetic and purgative, when taken in dozes of a few 
grains. The nitric ſolution of x«xcurr is a powerful eſ- 
charotic; as is alſo red precipitate, which forn with fats, an 


ointment for the itch. Corroſive mercuria muriate ad- 


miniſtered in very ſmall dozes, is a remedy i be taken in- 
wardly for the venereal diſeaſe. Mercurial b:rate has been 
employed for the ſame uſe. Cutaneous diſforiiers, a ſcro- 
phulous habit, ſwellings of the lymphatics, &. are all often 
uichully treated with mercurial remedies, 
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SECTION ELEVENTH. 


OF TIN, AND ITS COMPOUNDS. 


Tun s found chiefly in the counties of Cornwall and De- oon vn. 
vonſhire in England; in the regions of Bohemia and Sax- SEcT- XI. 
ony in Germany; in the ifland of Banca and the peninſu- . | 
la of Malacca in the Eaſt Indies. It exiſts in nature, but Origin of 
: TIN» 

in a few different ſtates. Pure native tin is found in leaves : 
or plates. There is a white, ſparry ore of Tix in octohæ- 
dral cryſtals. Tin ore is in ſome inſtances of a yellowiſh 
white colour, often coloured and ſemi-tranſparent, like to- 
pazes. There is a brown reddiſh TiN ore in cubic cryſ- 
tals, more or leſs regular. This metal exiſts alſo in a ſort 
of TIN-STONE er rather ſand; which is grey, blue, brown, 
or black, and contains a mixture of oxyde of TiN. Sul- 
phureous tin ore, is another variety, which bears a reſem- 
blance to zinc, or is gilded over, like aurum muſſruum. 

In the aſſay of ore of Tix, the uſual mode of pounding 
and roaſting may be ſucceſsfully followed. The ore is gxtrattion | 
broken into lumps, coarſely pounded, waſhed, quickly e 
roaſted in a covered earthen capſule; and then haſtily ores, 
melted in a crucible with 3 parts of black flux, and a little 
decrepitated marine falt to 1 part of the roaſted ore, A 
compariſon of the reſpective weights of the waſhed ore, 
the roaſted ore, and the metallic button obtained by the 
fuſion, will enable us to infer, by what proportion of ex- 
traneous matters, the tin is here contaminated; and what 
proportion of pure tin, the ore will yield out of the cwt. 
Tix ores may alſo be aſſayed by the more expeditious me- 
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BOOK VIL.thod propoſed by Cramer. Take two pieces of charcoal 
made from the wood of linden or hazel : In one of theſe 
form a cavity to receive the TIN ore : Picrce the other with 
a hole which may ſuffer the vapours to eſcape, while it is 
uſed as a lid: Put in the ore: Lute the two pieces of char- 
coal together, and even bind them with iron-wire : Urge 
the ore thus contained with a ſufficient ſtrength of fire, 
before the nozzle of a forge : You will thus obtain the 
pure tin in a metallic button. Or, to aſſay tin ores, we 
may follow Bergman's method; diſſolve them in ſulphuric 
acid; pour into the ſolution a proportion of muriatic acid; 
and precipitate the mixture with fixed alkali, In the great 
way, mines and ores of TiN are uſually wrought by pro- 
ceiles nearly ſimilar to theſe. Fires are often kindled to 
calcine and ſoften the ore in the gangue. The ores are 


pounded, waſhed, roaſted in reverberating furnaces, melted 


at laſt in other furnaces, and poured into moulds which 
give it the form of blocks. The Indian tin is accounted 
more pure than that of England. Foreigners, eſpecially 
the Dutch, are ſaid to be in the practice of re-melting the 
blocks of Engliſh tin, and mixing them with alloy, in order 

to increaſe their profits upon the commerce; forging the 
Engliſh ſtamps, to give this counterfeit Engliſh tin, the 
ſame currency as if it were not alloyed. 


Pure TIN is a gliſtering, white ſubſtance, ſoft, light, 


Charaders ſcarcely ſonorous, ſuſceptible of being ſcratched by the nail, 


_ of the pure very fuſible, very combuſtible. It is exceedingly pliant, 


metal. 


and when bent, produces a crackling noiſe called the cry of 
tin. It yields by combination with oxygen, a white oxyde, 
which impairs the. tranſparency of glaſs, and converts it in- 
to an enamel. In water, TiN loſes about Ith of its weight. 
It has a ſenſible ſmell, which becomes ſamewhat ſtronger 
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when they are arranged in the order of their ductility. Un- 
der the hammer, it is reducible into plates thinner than 
leaves of paper. It is ſo tenacious, that a thread or wire 
of tin, th of an inch in diameter, will, without breaking, 
fuſtain a weight of 49; lib. It has been cryſtallized in 
rhomboidal needles bundled together, and joined longitu- 
dinally, by often repeated fuſion. 

Tin very quickly melts, when it is expoſed in cloſe veſ- 


fels to the action of fire. It is of all metals, the moſt fuſi- IrreaQtions 
with other 


JVI 


when the metal is rubbed. Its taſte is peculiar and difz. BOOK vil. 
greeable. It holds the ſecond place among the metals 


oy i» © 


4 


ble. Greater intenſity of heat at length volatilizes it. chemical 


When the metal is heated in contact with air, a pellicle offubſtances. . 


a dirty grey oxyde is formed on its ſurface. From air 
without heat, it ſuffers, if very pure, but little alterations 
It is not abſolutely ſoluble in water ; yet if long expoſed to 
the action of this fluid, is apt to become at length tarniſhed 
upon its furface. With earthy matters, it never contracts 
any union. Alkaline ſolutions make TiN to aſſume, in a 
ſhort time, all the colours of the rainbow. Concentrated 
ſulphuric acid is faid to diſſolve, with the help of heat, half 
its own weight of rix. Sulphureous acid gas is diſengaged 
during the proceſs; and the Tix is oxydated. The ſame 
thing takes place; but more faintly and {lowly, and with 
greater permanency of the ſolution; when diluted ſulphu- 
ric acid is employed. Even cold, the nitric acid decompoſes 
TIN with great rapidity ; the metal is oxydated ; and by 
the decompoſition of both the acid and the water of the 
ſolution, there is a portion of gas-ammoniac formed. The 
fuming muriatic acid, with either heat or cold, diſſolves tin, 
and a concomitant decompoſition of the water of the ſolu- 
tion, is at the ſame time effected. The oxygenated muriatic 
| acid, 
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BOOK vn acid, too, very readily diſſolves tin without efferveſcence. 


Sscr. XI. 


Tin, and its Compounds. 


Lys The nitro-muriatic acid combines with TIN with an effer- 


veſcence attending the act of combination: There is a con- 
ſiderable heat alſo given out upon this occaſion: If a per- 
manent ſolution be wanted; the metal muſt be immerſed 
gradually, not all at once into the acid: This mixed acid is 
capable of diſſolving, and holding in ſolution, half its own 
weight of Tin. We know not in what manner the other 


acids act upon this metal. All ſulphuric neutral ſalts, and 


eſpecially ſulphate of potaſh or of ſoda, are liable to be de- 
compoſed by tin. Nitre detonizes rapidly with this metal; 
if the metal be melted and heated in a crucible, till it af- 
ſume a dark-red colour; and the nitre in a powder, be 
then thrown upon it. A white ſparkling flame accompa- 
nies the detonation. The TIN is oxydated. TIN readily 
decompoſes muriate of ammoniac : There is a diſengagement 
of gas- ammoniac occaſioned by this decompoſition, Tix 


may be eaſily combined with ſulphur, by caſting 1 or 2 
parts of this combuſtible matter in powder upon 5 or 6 


parts of TIN melted in an iron ladle, The mixture, if ſtir- 
red with a ſpatula, becomes black and is inflamed. It 


melted in a crucible, it forms a brittle maſs in flat, bundled 


needles. This compoſition is more difficult to melt, than 
TiN. Arſenic can ſcarcely, on account of its volatility, be 
united with TiN by fufion. Ar/ſemiate of potaſh is more eaſi- 
ly combinable with this metal. A brittle and very brilliant 


button of mixed Tix and arfenic, is the reſult of this union. 


No violenee of fire can ſeparate the TiN and arſenic which 
have once been thus united. Cobalt unites by fuſion with 


TIN; and the mixture is a fine-grained metallic ſubſtance 


of a light violet colour. Tin and biſmuth are ſaid to form 
together a brittle mixture with cubic facets ; harder and 
whiter 


whiter than pure r 1x. The vegetable acids diſſolve T1N IE Nx, 
though not with an energy equal to that with which the Www 
mineral acids act upon it. The tin of commerce is a mix- 
ture of pure TIN with other metals. Engliſh T1N con- 
tains both copper and arſenic; and that which is ſold as 
Engliſh TiN in Germany, contains alſo , 3, parts of lead. 
The TIN uſed in the arts in France, is alloyed with cop- Tin of 
per, biſmuth, antimony, zinc, and lead, Fears have tan 
occaſionally entertained, leſt arſenic might exiſt in the 
TIN which is uſed for kitchen and table utenſils, in ſuch 
a proportion as to injure the health of perſons taking food 
ordinarily out of them. But, the accurate experiments of 
ſome ingenious chymiſts, have evinced, that Engliſh TiN 
never contains more than 4 of a grain of arſenic in the 
ounce of metal ; and that a plate of ſuch metal does not 
loſe more than the 37g5eth of a grain of arſenic in the 
day—a proportion that can never become dangerous. 
Lead, however, is often added to Tt in the compoſition 
of pewter, in a quantity that may have bad effects. 
Solution of any mixture of TIN with arſenic, in muria- 
tic acid, precipitates the arſenic in a black powder. 
The ſame acid precipitates copper from any mixture of 
TIN with copper—in a grey powder. The preſence of 
any alloy of biſmuth, in a ſpecimen of TIN, is detected 
in the ſame manner. Nitric acid detects lead in TIN, by 
diſſolving the former, while it only corrodes the latter of 


theſe metals. | 


Aurum Muſroum, or Moſaic Gold, is a beautiful amal- 6, 

3 | | . Moſaie 

gam of TIN with ſulphur, well known in the arts. To sold, 4, 
form i. Equal parts of TIN and mercury are, firſt, amal- 
gammated, by pouring the T1N, melted, upon the mercury, 
in a heated retort, and then agitating and triturating the 
| 3 mixture 
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$zer. XI. 
A ounces of ſal-ammoniac, are then added to the mixture: 
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Tin and its Compounds, 


mixture till it is cold : Six ounces of ſulphur, and Four 


The whole is put into a mattraſs, and this mattraſs is 
heated on a ſand-bath, to ignition in its bottom: The 
fire muſt then be maintained for three hours, in the fame 


Intenſity : At the end of this time, a very beautiful Aurum 


Muſiuvum is found to have been formed. There are 
likewiſe other proceſſes for forming the ſame combina- 
tion, Two parts of mercury, with one part of zinc, and 
one of TIN ; mixed together, after the fuſion of the zinc 
and the TIN; then agitated in a wooden box, of which 
the inſide has been rubbed with chalk ; afford a maſs, the 
powder of which is wonderfully powerful, to augment 


the energies of the electrical machine. Seven parts of 


biſmuth, five parts of lead, and three of Tin, compoſe to- 
gether, a mixture ſubject to liquefaction in boiling water, 
The amalgam of Trix with mercury is uſed to filver 


in the looking-glaſſes. TI x is given in powders as a medicine. 


Arts. 


The oxydes of 11x in different combinations, are of great 


uſe in the dyeing of ſome beautiful colours. Bronze, or 


bell metal, is an alloy of T1x with copper. The uſe of a 


TIN of conſiderable purity, covering plates of ſoft iron, 


has, of late, almoſt ſuperſeded in Britain, that of both pew- 
ter and copper, for the manufacture of domeſtic utenſils. 


* 
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Lead and its Compounds. S 


SECTION TWELFTH. 


OF LEAD, AND ITs COMPOUNDS, 


* 


* 


Leas, a metal applicable to many different uſes, is BOOK VII 


ſcattered in great abundance among the ſtrata of the earth, 


Ster. XII. 
282 


and appears in a conſiderable variety of native forms. — Ot of 
A ſpecimen of metallic LEAD, pure from all extraneous Lead. 


combination or mixture, is ſaid to have been found in 
Monmouthſhire. At Villach, in Carinthia, too, and in 
the Vivarais, in France, ſpecimens of ſimilar purity, are 
faid to have been found. Wallerius ſpeaks, alſo, of three 
pieces of what he conſidered as true native metallic LEAD. 
It is often found in nature, mineralized by oxygen, or 
by carbonic acid. The white-lead ores of the LEAD 
HILLS in Scotland, of the mines of Tipperary in Ireland, 


and of different parts of England and of France, are of - 
this ſort. There are alſo a blueiſh, yellowiſh, or green- 


iſh, and a red LEAD ore, both mineralized in the ſame 
manner. There is a phoſphorated LEAD ore of an 
olive green colour, and ſubje& to many varieties of form. 
LEAD is mineralized by the arſenical acid, in the ſmall 
maſſes of ore of a meadow-green colour, which have been 
found in Spain. The arſenical and the phoſphoric acids 
have been diſcovered to mineralize this metal jointly, in a 
yellowiſh green ore, which ſometimes inveſts ſmall frag- 
ments of quartz, in a maſſive form. Cryſtals of LEAD, 
mineralized by the ſulphuric acid, have been found by 
Mr. Kirwan, in a reddiſh brown maſs of ore, from 
Angleſea, There is ſaid to be a native muriate of LEAD, 
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ſtadt, in Bohemia. 


Aſtay © of 
Lead Ores. 
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Lead, and its Compounds. 


of which ſpecimens have been found at Mies and Bley- 
Yet, it is uncertain, whether this 
may not have been rather a phoſphorated LEAD. Leap 
is mineralized by the molybdic acid, in a pale yellow ore 
from Carinthia, In France, and in Siberia, have been 
found ſpecimens of a red, ſparry, LEAD ore, owing their 
mineralization to oxygen and molybdic acid. But, LEAD 
ores are much more frequently mineralized by ſulphur 
than by any other ſubſtance, Theſe ores have the com- 


* 


mon denomination of Galenas. They are of various 


forms and colours; foliated, compact, cryſtallized, ſta- 


lactical; grey, blue, black, 


the common ores of LEAD. 


and brown. Iron and earth 


often contaminate certain LEAD ores, Of almoſt every 
particular ſpecies of ore here enumerated, there are many 
varieties. Silver uſually exiſts in a certain proportion, in 


LEAD ores, after being taken out of the mine, are to 


be aſſayed and purified. 


and waſh it; roaſt it in a covered veſſel; melt it wich 
three times its own weight of black flux, and a ſmall 


In the aſſay; pound the ore 


portion of decripetated ſea-ſalt. The fuſion will afford a 


pure metallic button, by the compariſon of the weight of 


which, with that of the ore employed in the aſſay, you can 
diſcover the particular richneſs or poorneſs of your ore in 


general. 


Or, the aſſay of ſulphurated LEAD ores may be 


made, as Bergman has propoſed, by nitric acid. This 
acid diſſolves the LEAD, leaving the ſulphur ſeparate : 

The ſolution is then to be precipitated by carbonate of 
Soda, which detaches the nitric acid : If the precipitate be 


ſuſpected to contain filver, 


will diſſolve the oxyde of 
without mixture. 


ammoniac digeſted over it, 


ſilver, and leave the LEAD 


The 
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The following are the operations for purifying LEAD gook vit 
in the great way. The ore is picked from among the l- 
extraneous matter with which it was naturally mixed. * 
It is then pulverized and waſhed. It is next roaſted in a ef te 
reverberatory furnace, in which it is to be agitated, till it — 
preſent all its ſides to the air; covered with charcoal, as | 
ſoon as it is ſeen to be*ſoftened to the ſtate of a paſte; 
urged with augmented heat, till the LEAD at laſt runs: 
and then the running metal received through a perforation 
in the bottom of the furnace, into a proper receptacle, lined 
with charcoal, below. The ſcoriæ remaining above in 
the furnace, ſtill retain a conſiderable proportion of 
LEAD ; in order to the extraction of which, they muſt be 
fuſed in a blaſt furnace. To diſengage the ſilver from 
LEAD which has been thus far purified ; the metal is 
fubjected to the action of the refining furnace. The 
wind of the bellows, there directed upon the fluid LEAD, 
while it is, at the ſame time, urged by an intenſe heat, 
reduces the metal into the yellow ſcaly oxyde, known by 
the name of Litharge. This ſcaly oxyde, being driven 
off, as it is formed, leaves the ſilver alone in the midſt of 
the cupel. The litharge is, then, to be fuſed in contact 
with charcoal, that it may aſſume all the properties of pure 
metallic LEAD, XK 

LEAD, in this genuine purity, is the ſofteſt, the leaſt Cha aer 
tenacious, the leaſt ſonorous, the leaſt elaſtic, and one of of pure me- 
the moſt ponderous of metals. Its colour is a duſky 
blueiſh white ; its ſpecific gravity is, according to Briſſon 
11,352, according to Gellert, 11,445. It has a peculiar 
and remarkable ſmell, which is rendered ſtronger by 
friction. Its taſte is ſcarcely ſenſible to the mouth; but 
it ats with a dangerouſly irritating energy on the nerveg 
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POOKVIT of the ſtomach, and the inteſtines. It is ſuſceptible of 
WY being beaten into thin plates, but acquires no new hard- 


neſs nor denſity, under the hammer. A cubic foot of 


g 48135 of 


\ | | BY 
Lead, and its Compounds. 


LEAD weighs $28 pounds. It is ſuſceptible of artificial 
cryſtallization, and was obtained by Mongez, in quadran- 
gular pyramids lying on their ſides, and of their four 
faces, having one always larger than the reſt. | 

Its diſpoſition to yield to the action of free Caloric is, 


Caloric up- for a metal, conſiderably eager. It melts long before 
en Lead. being heated to ignition, A heat not too intenſe to be 


endured without injury by the naked hand, is ſufficient to 


maintain it in fuſion. Of all the other metals, tin only is 


6. 
Action of 


more fuſible. It does not even burn vegetable ſubſtances, 


with the loweſt heat, by which its fuſion may be kept up. 


Although it be little volatile, yet an exceedingly intenſe 
heat is capable of reducing it to fume, and evaporate. It 
is by ſlow cooling, that it is cryſtallized into quadrangular 
pyramids, ſuch as were mentioned above. 

Melted in contact with air, it readily attracts oxygen 


Ouypes from the atmoſphere, The oxyde thus formed, appears in 
upon Lead, 


a grey pellicle, covering the LEAD in fuſion, A more 
violent heat changes this grey pellicle into that dark yel- 


low oxyde, which is known by the name of Maſſicot. 
Cooled by the effuſion of boiling water; ground into a 


fine powder, and in this form waſhed ; expoſed for eight 
and forty hours, to a moderate but ſteady heat in the 


furnace; paſſed through fine ſieves, into barrels placed to 


receive it; it becomes minium, or red lead, ſuch as is 
largely manufactured in the county of Derby in England. 
In the courſe of this whole proceſs of oxydation, the lead 
acquires ten per cent. of additional weight. A heat more 

intenſe 
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:ntenſe than has yet been uſed upon it, will convert theſe BOOKVIL 


oxydes into a yellow glaſs of extreme fuſibility. 88 


Moiſture in an atmoſphere to which lead is expoſed, has 


a ſenſible action on the metal. A white ruſt is, by means OR 


of this moiſture, formed on the ſurface of the metal, and 
is from time to time carried off by the moiſture. This 
white ruſt is, however, nothing but carbonate of LEAD : 
For, water perfectly pure from extraneous mixture, has 


no power of action upon this metal. The internal fides of 


leaden pipes uſed to conduct water, ſuffer a gradual oxy- 
dation: but, this alſo is effected, not by the water itſelf, 
but by the ſubſtances mixed with it. Hydrogen cauſes 
metallic lead to exhibit, on its ſurface, the changing co- 
lours of the rainbow. | 

The oxygen of concentrated nitric acid, is readily ab- 
ſtrated by LEAD. A white oxyde of lead is almoſt inſtan- 
taneouſly formed by the affuſion of the acid upon the metal. 
In a weaker ſtate of the acid, the oxydation is flower ; 
the metal is firſt diſſolved in the acid, and the oxyde then 
appears in the form of flat triangles, having the angles 


truncated. By very flow evaporation, this ſolution af- 


fords cryſtals in the form of truncated hexahcedral priſms. 
This nitrous oxyde of LEAD, decrepitates in the fire, and 
upon ignited coals, is fuſed with a yellowiſh flame. By 
the continued action of the fire, the oxygen is expelled, 
and the LEAD reduced into a metallic ſtate. Sulphuric 
acid detaches the LEAD from this nitrous oxyde. Both 


oxygen and nitric acid, ſeem to enter into combination 


with LEAD, when it is oxydated by this acid. 


2 


Nitric 


8 
1 


The native carbonates of LEAD, have been already RE 79 
mentioned. It is not uſual to attempt the artificial com- Acid. 


bination of carbonic acid with this metal. | 
, | U 4 As 
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r As LEAD occurs in nature, moſt frequently in combi- 


ation with ſulphur, and ſometimes with ſulphuric acid; 


10. 


 Sulphuric 


Acid. 


ran 


Phoſphoric 


Acid, 


12, 
Muriatic 
Acid. 


ſo, its reactions with the acids of ſulphur, have been often 
tried in the arts. When ſulphuric acid is boiled over 


LEAD; the LEAD is oxydated; and the acid, in conſe- 


quence of its loſs of oxygen, is reduced from ſulphuric to 
ſulphureous acid. In this remaining acid, there is, at the 
ſame time, a partial ſolution of the metal, alſo oxydated. 


Evaporation of the fluid mixture gives the oxyde in 


needles, ar, in ſhort, tetrahœdral priſms, excedingly 
cauſtic, and ſoluble in eighteen times their own weight 
of water. "Theſe ſulphates of LEAD, are decompoſable 
by the action of heat ſingly, by lime, by alkalis, &c, 
Very hot fulphureous acid, if poured into a leaden veſſel, 
inſtantly corrodes and deſtroys it. 

Phoſphoric Acid is united with LEAD, as was above 

related, by natural combination. But, the re- actions of 
theſe two a, have not been artificially exa- 
mined. 

Muriatic acid with heat, oxydates and diſſolves LEAD ; 
but, never to-the complete ſaturation of the acid. Of the 


muriate of lead, thus obtained, a part appears, from the 


firſt, in a ſolid oxyde ; a part is diſſolved in the acid, from 
which ſtrong evaporation at laſt produces it, in fine 
brilliant needles. This ſalt is very lightly deliqueſcent in 
the air. It is decompoſable by lime and alkalis.—Muria- 


tic acid poured on /itharge, inſtantly decompoſes it. 


Heat to 50% or 609 is. produced while the ſolution takes 
place. Octohœdral cryſtals of conſiderable weight, of 
an opaque white colour, and of a ſtyptic taſte, are ob- 
tained by evaporating the ſolution. Theſe cryſtals de- 
crepitate on the coals, are deprived of their water af 
cryſtal- 


Lead, and its Compounds. 
cryſtallization by an increaſed heat, and are thus reduced 
into a maſs of a beautiful yellow colour. At the tempe- 


rature of 15®, this maſs is ſoluble in three times its own 
weight of water: boiling water diſſolves of it, a propor- 
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tion ſomewhat more than equal in weight to itſelf. The - 


pure alkalis precipitate the muriate of LEAD from theſe 
ſolutions, in a magma. The addition of the muriatic acid 
itſelf, or of almoſt any of the muriatic neutral falts, to a 
ſolution of mitrate of LE AD, produces a muriate of LEAD, 
in which the combination of the acid with the metal, is 
particularly ſtrong and intimate, Yet, the ſolution of 
that muriate of LEAD, which is known by the name of 
Corneous LEAD, is decompoſable by ſulphuric acid ; a 


fact, which, contrary to what was once ſuppoſed, proves 


the affinity between LEAD and ſulphuric, and to be 
ſtronger than its affinity with muriatic acid. 

Acetous Acid corrodes LEAD, and produces by this ac- 
tion, the oxyde of LEAD, commonly known by the 
name of white LEAD. 'The uſe of this ſubſtance in the 
arts, renders the preparation of it, a common object of 
manufaQure. In this manufacture, plates of LEAD, half 
a line thick, four or five inches wide, and two feet long, 
are rolled up in a ſpiral form, with interſtices of half an 
inch in width, between the rolls ; they are next placed in 
pots, upon projecting points prepared to receive them; 
malt-vinegar is poured into the pots, to the height of the 
lower edges of the LEAD ; theſe pots are, in great num» 
bers, buried beſide one another, in beds of dung—and are 
each covered with a plate and boards at the top: After 
remaining in this ſituation for a month or ſix weeks, 
they are taken out, and the white lead is ſeparated. It is 
then to be ground in mills, dried in the ſhade, and 

wrapped 
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BOOK VIIwrapped up in papers for ſale. This is the whole pro- 

— ceſs of the manufacture. In the courſe of commerce, 
there is a mixture of chalk added to the white lead. 

1 With nitrate of ſoda LEAD produces no ſenſible deto- 

| 2 nation. LEAD with heat diſſolves muriate of ammoniac, 

by detaching the acid. The artificial combination of 

fulfhur with LEAD, is a brittle compound of a plated 

texture, and a brilliant dark grey colour, ** leſs 

fuſible than pure LEAD. 

15. Neither nickel, manganeſe, nor cobalt, unite, withi LEAD, 

_—_ als, by fuſion. Antimony forms with it, a brittle mixture, 

with brilliant facets; in its colour and texture, not unlike 

to iron or ſteel, in ſpecific gravity ; exceeding either of 

the two metals, of which it is made up. The combina- 

tion of LEAD with b:/muth, affords a very brittle mixture, 

of a fine and cloſe grain. Hot mercury poured upon 

melted LEAD, gives an amalgam, white, brilliant, after 

ſome time ſolid, in trituration with the amalgam of biſ- 

muth, liable to become as fluid as running mercury. Tin 

is combinable with LEAD by fuſion. An alloy, two 

parts tin, and one part LEAD, is more fuſible than either 

of theſe metals ſeparately, and is the common ſolder of 

the plumbers. Eight parts of biſmuth, five of Leap, 

and three of tin, compoſe an alloy, fuſible by the heat of 

boiling- water. The alloy of LEAD with tin is the pew- 

ter which was long in general uſe in the manufacture of 

various utenſils for the kitchen and the table. Experience 

has evinced, that its uſe for theſe purpoſes is ſomewhat 

inſalutary; and tin perfectly pure, or at leaſt with 2 

much ſmaller alloy of LEAD, is now univerſally pre- 

ferred, ARSENIC fuſed in a ſmall proportion with LEAD, 


renders it more brittle than it naturally is. 
| It 
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It is eaſy to perceive, that in all the preceding caſes BOOK VII 
| 3 . _— Szcr,Xil, 
of the combination of LEAD with acids, it is rather an 
oxVDE Or LEAD, than a diſtin combination of the 16. 
LEAD with the undecompoſed acid, that is produced. yds of 
The acid is always partially decompoſed ; and, the new 
falt ſeems to be always in part, the product of any oxy- 
dation. It is rather as containing oxygen, than from any 
other property that the nitric, muriatic, and ſulphuric acids 
poſſeſs ſuch power over LEAD, | Yet, the ſalt which the 
acid ſolutions of LEAD yield by flow evaporation, are 
probably muriated nitrates, and ſulphates of conſiderable 
purity, The attraction between oxYDE OF LEAD, and 
the muriatic acid, is exceedingly ſtrong. A manufacture 
eſtabliſhed in England upon the knowledge of this fact, 
produces by the trituration of minium or litharge, 
with muriate of ſoda, a muriate of LEAD, of a fine 
yellow colour, which is valuable as a pigment; and at 
the ſame time furniſhes the /ada in a ſeparate ſtate for 
the uſe of the glaſs-works, and for other arts. The pure 
cauſtic alkalis precipitate the OXYDE OF LEAD from its | 
ſolution. - In the acids in general, all the ox VDE oF 
LEAD are equally ſoluble as the metal itſelf. In theſe 
ſolutions, minium always loſes its colour. The oxYDEs 
oF LEAD are all ſoluble in vinegar. 
The uſes of LEAD and its OXYDEs in the arts, are 1. 
. | : , Uſes, 
very numerous. Pipes for water, boilers, coverings for 
the roofs of buildings, linings of tea-cheſts, &c. are com- 
monly made of it. It is caſt into bullets and ſmall ſhot. 
It has been too much uſed in the tinning of copper veſ- 
ſels. Its ore pulverized and mixed with water, is uſed 
for glazing pottery. Its oxydes enter into the compoſi- 
tion of glaſſes, cryſtals, and enamels. White LEAD and 
ceruſe 
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Senn. ceruſe mixed with oils, are much uſed as paintersꝰ co- 


ey lours. They are often noxious to the health of the 


0 


workmen. The decompoſition of ſea · ſalt by litharge, 


and its ends have been already mentioned. Oxyde of 
LEAD diſſolved in vinegar, and commonly known by the 
name of Sugar of Lead, or Salt of Saturn, 18 in uſe among 
the callico printers. It is uſed, alſo, as an aſtringent 
waſh for burns, ulcers, and the remains of the venereal 
diſeaſe. It has, alſo, been nefariouſly and dangerouſly 
employed, to clarify liquors, and to ſweeten ſoured wines, 
and even vinegars intended to be ſold as wine. Oxyde of 


' LEAD is uſed to harden oils, by encreaſing the proportion 


of oxygen in their compoſition, Oils uſed as the baſis of 
plaſters, contain a ſolution of LEAD. 


SECTION 
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IRON. 


I RON is diffuſed throughout nature, perhaps more gene-BOOK VII 
a . Ster. XIII 
rally. than any of the other metals. In animals, in ve- . 
getables, in all parts of the mineral kingdom, we detect 1. 
| its preſence. It is the general agent which produces all — — 
that diverſity of colours between the blue and the deepeſt 
red. Its ores are very much diverſified in ſpecies. Some- 
times, the pure metal is found native; as has happened at 
Eibenſtock in Saxony, at Grand- Gilbert in the French 
province of Dauphine, on the plains of Otumpa in Peru, 
and in the caſe of an enormous maſs in Siberia. It often 
appears in native oxides, of which ſome are black, —ſome 
of a greyiſh black, —ſome, a blueiſh grey, —ſome, a vio- 
let, —others, a browniſh red, &c. &c. A partial oxida- 
tion does not deſtroy that attractibility by the magnet, 
which is well known as a remarkable quality of pure 
IRON, The common, magnetic iron-ſtone, of which 
whole mountains are ſomttimes compoſed ; the magnetic 
ſand of various countries; ſpecular iron-ore ; brown 
hœmatites; compact brown iron-ſtone ; brown ſcaly 
iron ore; brown iron ochre; black iron-ſtone ; red hoe» 
matites ; a fibrous iron-ore, which is very rare; compact 
red iron-ſtone ; red ochre : red ſcaly iron-ore ; are, all, 
ſo many ores in which this metal is mineralized by ox y- 
gen in various proportions. The native oxyde of 1RoN 
is contaminated with clay in common argillaceous iron- 
ſtone; in an iron-ſtone which 1s found in flender adhering 
55 columus 
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BOOK IIcolumns of a dark browniſh red colour; in the acinoſe 


icon. ſtone of Kirwan; in the nodulat iron-ſtone, com- 


monly known by the name of ctites, and in others 
of its various native ores. In that which has been cal. 
led Siderite, it is united with phoſphorus or with phoſpho- 
ric acid. Meadows, ſwamps, moraſſes, afford thoſe 


' which have been called bog-ores of iron; in many of which 


phoſphorus and clay co-exiſt with the 1RoN: There are 
a great diverſity of pyritical iron-ores, in which the IR ox 


is mineralized by ſulphur in various proportions. In thoſe 
iron-ores which have a ſpathoſe form, the 1Kow is mine- 


ralized by carbonic acid. Klapretk has deſcribed what 
was once miſtaken for a native Pruſſian blue, but which 
he denies to have this character, under the name of blue 
iron- ore of Vorau. In two of its ores, 1RoN is mineralized 
by arſenic, and by the arſeniac acid. Emery is a combi- 
nation of 1RoN with Silice. In Sweden, there has been 
found an ore, in which 1RoN co-exiſts with tungſten, 
Plumbago or native carbure of 1R0N, is, as the latter 


name indicates, a natural combination of 1RoN with 


carbon. As iron-ores are univerſally diffuſed, iron- 
works have been eſtabliſhed in every country of Europe, 
and in North America, Sweden exports much wrought 
IRON to other countries. At Carron in Scotland, exten- 
five and very flouriſhing iron-works have been for a con- 
fiderable time eſtabliſhed. 

From theſe various ores, the pure metallic 1KoN, may 
be obtained by the following aſſay, In the dry way : 


Take four hundred grains of calcined borax, forty grains 


of ſlaked lime, two hundred grains of nitrate of potaſh, 


and two hundred grains of the ore which you defire to 


f * * this mixture; place it in a lined cruci- 


ble; 


* 
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ble; cover the crucible ; expoſe the whole to the heat of BOOK vit 
a forge furnace; after half an hour's ſubjection to this — 
heat, the metal that was contained in the ore will be . 
found in a button, under the vitrified flux. In the humid way, 
iron ores may be aſſayed by diſſolving the ore in muriatic 
acid ; and then precipitating the metal from the ſolution, 
by adding a portion of alkali When the ore is mixed 
with other matters, the whole may be pounded, ſubjected 
to the action of a ſtrong heat, the extraneous matters 
then detached by the ſucceſſive actions of the nitrous and 
the acitous acids, and the Ix Ox finally diſſolved in mu- 
riatie acid. | 

In the working of iron-ores in the great way, various 
modes of purification are employed, according to the dif- 
ferences in the character of the ores. Of theſe, ſome 
need only to be ponnded, waſhed, roaſted, and then put 
into the melting furnace. Argillaceous and and carbon- 
ated iron-ores require only to be melted in contact with 
charcoal. Peculiar furnaces, from twelve to eighteen 
feet in height; and having their internal cavity of the 
form of two four-fided pyramids joined baſe to baſe ; are 
employed in the fufion of theſe ores. If the gangue 
of the ore be calcareous; no flux is added but a 
ſort of ſoft argillaceous ſtone : When it is argillaceous; 
the flux is a calcareous ſtone. The ores with the flux are 
put in at the upper part above the charcoal. Bellows or 
hydraulic machines are them employed to excite the fire. 
The ore melting, runs through the coal; and is purified 
as it paſſes. At the bottom it is collected, and maintained, 
for a while, in a fluid ſtate. At the end of every eight 
hours, this collected ore is ſuffered to flow out into a 
mould or hollow channel prepared in the ſand under the 

furnace, 
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8802. Nllfurnace, to receive it. This firſt product is crude or ca/? 
ien A ſecond fuſion, during which it muſt be carefully 
ſtirred in the furnace; and then a proceſs under the forge: 
hammer; are neceſſary to bring it into that ſtate of bay 
iron, in which the metal is ſuppoſed to appear with all its 

proper qualities. 

The 1KoN thus obtained, is of a white, livid colour, 
inclining to grey. It is attractable by the magnet; gives 
fire with quartzoſe ſtones ; 1s the lighteſt of all metals ex- 
cept tin, —weighing only 545 pounds, a cubical foot. Tt 
is of ſuch hardneſs and elaſticity as to to be capable, in 
certain ſtates, of deſtroying the aggregation of all other 
metals. it may be drawn out into wires, ſufficiently fine 
to become the ſtrings of muſical inſtruments. An iron 
wire one-tenth of an inch in diameter, is capable to ſuſ- 
tain a weight of 450 pounds. It is of all metals, except 
gold, the moſt tenacious. It may be rendered ſtill harder 
by hammering without heat; when heated, it may be 
made to aſſume under the hammer, almoſt every imagin- 
able form. The texture of this forged-iron is fibroſe. 

LOS: We know not that Iigit alone has any diſtinct action 
| light and Vfon IRON. Heat or caloric enters with great readineſs 
15-7 into this metal ; is detained in large quantity among its 
parts; and does not without very conſiderable difficulty, 
expand them to fuſion. Its ductility and elaſticity are 
evidently much encreaſed by that caloric which it is ca- 
pable of containing without being fuſed. Without being 
under the agency of caloric, it is incapable of amalga- 

mation with any other metal, 
Kelso The relations between Ix ox and oxygen, are very im- 
between portant. In every one of its three well-known ſtates of 
oe Jong caſt iron,—f * iron, —and ſteel,—this metal contains 
| other 
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other ſubſtances in a conſiderably intimate union with Y 
Ster. XIII 

itſelf. That caſt iron contains always a proportion of 

oxygen, is certain ; for this iron, when. urged by. an in- 

tenſe heat in cloſe veſſels; invariably yields carbonic acid; 

which in theſe circumſtances, can be furniſhed only by 

the union of oxygen expelled from the 1RoN with a 

quantity of carbon that was alſo contained. in it, and is, 

at the ſame time, dilengaged. In forged or bar iron, too, 

there is commonly more or leis of oxygen; though cons 

ſiderably leſs than in caſt or crude iron. Were it not for 

its containing other nee, IRON would be, of itſelf, 

a very ſoft metal. 

Since the native ores of in6x arp fo oftes.in. a; date of 
oxydation; ĩt is eaſy to ſee, that the mutual appetency of 
mon and oxygen cannot but be conſiderable, A bar of 
1R0N long heated in the forge becomes oxydated at its 
ſurface. The pureſt Ix oN loſes its metallic brilliancy, 
and becomes oxydated on the ſurface, by long expoſure to 
2 moiſt atmoſphere. All the ruſtings of 1K0v. utenſils, 
are uſually the effects of oxydation. The famous decom- 
poſition. of water was firſt accompliſhed by the power 
which iN poſſeſſes. of attracting the oxygen out of 
that fluid, when it is aided hy the preſence of a certain 
proportion of caloric. + The oxydes of Ix ox vary in co- 
lour, according as their oxydatian is more or leſs complete. 

In ſome, only a part of the IRON is oxydated ; ; in others, 
the IRo is wholly, oxydated. 

In Nature, iron and its oxydes are often Pas ÞÞ in com- * 6. 
bination with carbon: and carbon appears to exiſt — 
intimate union with it, in every one of thoſe ſtates . 
which it is commonly uſed in the arts. In caſf iron, both 
carbon and oxygen co-exiſt, in certain proportions, mh 
| X | 
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322 Tron, and its Compounds. 
2 3059. met. In forged iron, the quantity of the oxygen pre- 
— ent, is diminiſhed : that of the carbon, ſomewhat in- 
creaſed. In feel, there are no remains of oxygen, but 
an augmented proportion of carbon. When the propor- 
tion of carbon is till increaſed to a great exceſs ; then 
the compound is that ſubſtance which is known by the 
name of plumbago or carbure of iron. | 
Of the bog-ores of 1RoN, many contain what was once 
fappoſed a peculiar metal, and was named /iderite. It has 
| been found to be either metallic or oxydated iron in union 
Iron nd with phoſphore, or with the phoſphoric acid. The phoſ- 
phoſphore, horic acid is not expelled by the proceſs which reduces 
che ore into the ſtate of crude iron. Its preſence in combi. 
nation with a part of the ix ox, appears from peculiar cha- 
racters in ſuch crude irons as contain any portion of it. 
They are of an unuſually coarſe grain, are harder and more 
brittle than others, and are diſtinguiſhed by the names of 
red fhort iron and cold fhort iron. Solutions of cold fhort 
iron in ſulphuric acid, have been found to afford a precipi- 
tate, which chemical examination has aſcertained to be a 
phoſphate of iron. This phoſphate of iron is decompoſa- 
ble by the alkalis, and by lime-water, which detach the 
acid. Every ſolution of IR oN, when treated with phoſ- 
phoric acid, affords a precipitate of phoſphate of I Rox. 
3.. Every acid has a more or leſs powerful re- agency upon 
Tulpburic 1RON. Concentrated fi/þhuric acid is decompoſed by 
_ ebullition over IRON. Sublimated ſulphur, and a white 
maſs incapable of cryſtallization, though in part, ſolu- 
bie in water, are the products obtained by diſtilling the 
mixture to dryneſs. Diluted ſulphuric acid, if poured 
upon IN Ox, yields with efferveſcence, a product of gaſ- 


hydrogen from the ** of the water; and the 
ſolution 
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ſolution, concentrated by evaporation, affords ſulphate of of BOOKVIL. 


iron. This is the vitriol of commerce. It is often pro- A 


cured in manufacture, by an eaſy acceleration of the ſpon- 
taneous decompoſition of martial pyrites. The pyrites is 
groſsly broken and watered ; The ſulphate of iron thus 
carried. off, is conducted in the water into proper reſer- 


voirs: In theſe, the fluid mixture is left to concentrate Manufac- 
ture o 


Vitnol, 


by evaporation: Old iron is thrown in, to ſaturate 
the acid with a ſufficient proportion of the metal: 
The fluid is then drawn off into- baſons having pieces of 
wood properly diſpoſed in them; and in theſe the cryſ- 
tallization of the ſulphate of iron is finally accompliſhed. 
The cryſtals are rhomboidal : Their colour is a beau- 
tiful green: They effloreſce in the air: They are reduced 
by heat; to a powder ;—and by a heat yet more intenſe, 
are deprived of their acid, the eſcape of which leaves be- 


hind, only that metallic oxyde, known by the name of 


Colcothar. 
When Nitric Acid is brought into contact with Ix ox; 


ron with 


the Acid is diflolyed in part; and an oxyde of iron is Nieris 
formed. The oxyde remains, for a while, ſuſpended in *** 


the acid ſolution. At laſt, it ſubſides to the bottom. A 
new quantity of iron immerſed in the ſupernatant liquor, 
haſtens the precipitation of the oxyde, and is itſelf likewiſe 
diſſolved. The concentration of the ſolution produces 


from them, a martial ochre, of a red brown colour: And 


this concentration, carried ſtill farther, gives a reddiſh 
jelly, partly ſoluble in water. The martial alkaline 
tinflure of Stahl, is obtained by precipitating the iron 
from this ſolution, with carbonate of potaſh. 


Diluted muriatic acid acts upon IroN, with a vehement 


. The decompoſition of the water of the diluted 


Iron with 
Muriatic 


X 2 acid Acid, 
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XYIarid affords, for the firſt produR, gas-hydrogen. | 

De and cooling reduce the remaining N to a 
magma, containing a portion of thin; flat, very delique- 

ſcent cryſtals, Theſe are muriate of iron perfectly form- 

ed. Diſtilled, the whole magma affords, <firſt, an acid 
phlegm,—by a ſtronger heat, a non-deliqueſcent muriate 

of iron in ſublimation, with very tranſparent cryſtals, re- 
ſembling in form the blades of razors, and capable of de- 
compoſing light, as well as the beſt priſms, —at the bottom 

of the retort, a ſtyptic, deliqueſcent ſalt, bright, foliated, 

and perfectly ſimilar to that large-plated talc, which is 
impropetly denominated Muſcovy-Glaſs, The laſt of 

cheſe products, when urged anew with a more intenſe heat, 
affords an opaque ſublimate of metallic iron, exhibiting 
| ſections of hexahcedral priſms, with the poliſh of ſteel. - 

Tarte Pegetable Acids poſſeſs, in general, the power of diſ- 
by N folving Rox, and combining with it. By this property, 
gallic acid, is iron retained in the ſubſtance of ling vegetables. The 
tartareous acid and acidulum hold it in ſolution, in wines, 

from which it may be precipitated by the addition of al- 

kalis. Its ſolution in oxalic acid affords priſmatic cryſtals, 
effloreſcent by heat, ſoluble in water, ſomewhat aſtrin- 

gent to the taſte, and of a greeniſh yellow colour. The 

Gallic Acid combines the moſt eagerly and remarkably with 

IRON. It holds iron in combination within thoſe living 
vegetables, in which it exiſts in the greateſt abundance ; 

_ precipitates it from all its ſolutions ; forms in ſeparate 
combination with it, a black powder ; endows quinquina 

by its preſence together with a large proportion of iron, 

with its valuable medicinal qualities ; and being com- 

monly employed to precipitate iron from martial vitriol, 


Writing thus furniſhes the 1 n . —Gord 
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IWriting Ink is the ſreciſely ſaturated ſolution of Iron innoox vn 


Gallic Acid, fo diluted, that it may flow eaſily from the 


hen, and containing ſer luis a ſmall frartion of gum, and 7 
attenuated carbon, to make it glifler on the haper. 


zer. XIII 
— 


The Pruffic Acid. —a compound, as is well 8 of, — 


hydrogen, carbon, azote, and oxygen in certain propor- 
tions, — and one of the moſt remarkable of the factitious 
acids. gives a precipitate of a beautiful blue colour, by 


a colouring ſubſlance, by the common name of Pruſſian 
Blue, It is an exactly ſaturated pruffiate of iron. When 
there is an exceſs of iron; the colour of the neutral ſalt 


ron with 
Pruſſie 
acid, 


its reaction on IRoN. This precipitate is well known as 


is yellow. But this excels is taken away by any of the 


bother acids. 


Baryt, magne/ia, and lime 3 to act upon 
1R0N, The alkalis diſſolved in water, and digeſted for 
ſeveral days over iron, form a compound with it, which 
is an alkaline oxyde of iron. In Art, as in Nature, the 


wm 


union of Sulphur, Phoſphore, and Carbon with Tron, forms 


Sulthures, P hoſp/hures, and Carbures of Iron. 


A mixture of equal parts of filings of STEEL and 28 
nitrate of potaſh, expoſed to the heat of a ſtrongly ignited fas, 


crucible, is after ſome time decompoſed with detonation 

in which there is a conſiderable diſengagement of radiant 
ſparks. In this chemical change, the power of the caloric, 
aids the attractious of the iron} for the oxygen of the 


neutral falt, till that ſalt is decompoſed by the ſudden 


eruption of its oxygen in gas: That gas with another 


quantity from the atmoſphere, are again decompoſed. to 
oxydate the Iron, and to burn the carbon which was 


intermixed with it in the ſteel. It is by the combuſtion 
and the 1 eruption of this carbon, that the bright 
X 3 ſparks 


. of 
potaſh. 
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. arts are” generated, Waſhing and filtration free the 

_, reſidue from the potalh ; leaving only a yellowiſh oxyde of 

Iron, which has been known by the name of Zwelfer”; 

Saffron of Mars. Sulphate of Iron and Nitrate of Pot- 

a2 mutually decompoſe each other. The mutual at- 

traftions of potaſli and ſulphuric acid operate with con- 
ſiderable energy in this decompoſition. I 

kues. The ſtrength of the mutual attractions of Iron TP 

Mariatic Acid, enables Iron to accompliſh the decom- 

| Poſition of muriate of ammoniac. Two parts of ſteel. 

filings with one part of muriate of ammoniac, diſtilled 

over mercury in a pneumato-chemical apparatus, afford 

a quantity of aeriform fluid, of which one half is gas- 

; ammoniac ; the other half gas-hydrogen from the water 

of the ſolution; and a muriate of iron is, at the fame 

time, formed. There is a compoſition called En: Marti 

or Flowers of iron, which is formed by the mixture of 

ſteel-filings with Muriate of Ammoniac—in the propor- 

tion of an ounce of the former to a pound of the latter. 

In this compoſition the iron is oxydated; and the mu- 

riate of ammoniac is coloured by the oxyde ; but there 

is no actual formation of muriate of iron. In conſe- 

quence of the continual tendency of muriatic acid to a 

ſtate of ſufer-oxygenation ; the oxyde accompliſhes the 

decompoſition of muriate of ammoniac with * 

energy than the pure Metal. | 

Mg. — Gas-hydrogen only alters the colour of IRoNn. Pow- 

gen, &c, der of ſulſihur and filings of ſteel produce Sulphure of 

Iron by a very rapid combination, if their re- actions be 

aſhſted by the preſence of water. Heat is generated by 

the inteſtine action of this mixture, in the courſe of 2 

few hours. The water is decompoſed ; the ſulphur is 

acidified , 
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acidified ; the gas-hydrogen exhales ; and caloric is at DOOEVIT 
laſt accumulated in ſuch a quantity, as often to make the au 


mixture burn with flame. Theſe phznomena were firſt 
obſerved- by; Lemery, who ſuppoſed, with no ſmall plau- 
ſibility, that the origin of volcanos might be ſomewhat 
ſimilar.— Carbure of iron is combuſtible in conſequence 
of the great predominancy of Carbon in its compoſition. 

Wich arſenic, Ix ox forms a brittle alloy which has 
been but little examined. It conſtitutes with cobalt, a 
cloſe-grained, hard, and powerfully coheſive, mixed metal. 


It is not known to be capable of union with bifmurh, 


Its alloy with antimony is hard, with ſmall facets, con- 
ſiderably refractory under the hammer. Zinc is at leaſt 
capable of being adheſively applied to the ſurface of a 
plate of Iron. The combination between Nickel! and 
iron, is ſo intimate, that, when formed together in Na- 


ture, theſe two metals are ſcarcely ſeparable by any agency 


of Art. No union is to be accompliſhed between Mer- 
cury and iron in their metallic ſtates. —Lead and iron do 
not enter into mutual union.-77n and Iron are ſuſcep- 
tible of an amalgammation well-known in the arts. Its 
formation is a great Engliſh manufacture. Thin plates 
of the ſofteſt iron are, for this end, prepared: By friction 
with ſand-ſtanes, acidulation with the fermented extract 
of malt, cleanſing, drying, and expoſure to be coated by 
volatilized ammoniac, theſe are fitted for being brought 
into adheſive contact with tin: They are then immerſed 
into a bath of melted tin which is covered with pitch or 
tallow : Withdrawn from this, they appear completely 


coated with the tin: The laſt part of the operation is, 


now, to wipe them with ſaw-duſt, 
X 4 Innumerable 
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nook v Innumerable are the uſes of [row for the accommo- 
Szcr,XI1T , 


Wc tion of human life. The poſſeſſion of ſkill to extract 
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iron from its ores, and to manufacture it into uten ls. 

or the want of this ſkill.— form the grand point of dif. 
tinction between civilized and ſavage life. That native 
carbonated ore of iron which is diſtinguiſhed by the name 
of  flumbago, forms excellent black lead pencils ; is uſed, 
in duſt, to lubricate certain inſtruments ; ſerves,” in a par- 
ticular preparation, to defend iron from ruſting ; is em- 
ployed to glaze ſmall ſhot of lead, and for other uſes. Crude 
Tron is caſt in moulds for chimney-backs, pots, cauldrons, 
water-pipes, and a multiplicity of other utes: 'The works 
for this manufacture at Creuſet in Burgundy, are much 
celebrated : There are very flouriſhing eſtabliſhments of 
the ſame ſort, at Carron in the ſhire of Stirling in Scotland, 
and on Leith-walk near Edinburgh. Sulphate of Iron is 
the baſis of all black colours, inks, &c. Hcematites, 
ochres, and ſome of the other ores. of Ixox are uſed in 
their native ſtate, as burniſhers, colouring matters, &c. 
Bar- iron is hammered out for a vaſt multiplicity of uſes in 
common lite. Our cutting inſtruments are, all, made of 
ſteel. The oxydes of iron are uſed. to colour porcelain, 
enamel, pottery, in the preparation of artificial precious 
ſtones, and in painters” oils. Iron alone of all the metals, 


is not noxious, but highly ſalutary, in its influence on the 
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animal ceconomy. It appears to enter more or leſs into 
the intimate ſtructure of almoſt all animals and vegetables. 
It is the he  corroborative, of all medicines. —Its attrac- 
tibility by ue magnet n it of ineſtimable importance 
in navigation. 
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SECTION FOURTEENTH. 


R 


COPPER, 


Corren exiſts in Nature, in a perfe& metallic ſtate, BookK vn 

in mineralization by oxygen and carbonic acid, in native 8 

combination with ſulphur and other metals, in combina- 1. 
Ores of 

tion with muriatic acid, in union with arſeniac acid, and Copper. 

in a compound with metallic arſenic. Its colours, in 

theſe ores, are uſually ſhades of blue, red, green, and 

orange. It is ſometimes in the ſtate of unagglomerated 

earth; and ſometimes, in ſtones; ſometimes, in the forms 

of petrifactions, or ſtalactites; moſt generally, diſpoſed 

in metallic veins, in the bowels of the Earth. Pure na- 

tive copper has been found in Japan, in compact maſſes. 

There are abundant copper-mines in England and in ſome 

parts of Scotland. In almoſt every known region, Cop- 

per-mines have been diſcovered. In many countries, they 

are wrought, and the copper purified for the uſe of life — 

Turquoiſe-ſtones are the bones of animals coloured by 

copper : Malachite, mountain-green, mountain-blue are ſo 

many names for particular copper-ores. Copper pyrites 

is a form in which this ore is very generally diſperſed in 

the mines. The mine of Predanah in the county of 

Cornwall, affords a native oxyde of copper, of which 

the ſpecimens are very beautiful, and which is diſtin- 

guiſhed by the name of Red Copier Ore. 

Of the ores of copper, ſome may be freed by ſimple | — 
fuſion, from the extraneous matters with which they are Gale Ores. 
naturally mived. Others are to be torrefied, and then 

1 | fuſed 
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8 Copper, and its Compounds. 


voox vii fuſed with three times their own quantity of black flux. 


| — yg Sulphureous cgpper ores are aſſayed by—pulveriſing two 


3. 
Their puri- 


parts of the crude ore with one part of nitrate of pot- 
aſh ; detonating the pulverized mixture in an ignited cru- 
cible ; urging the detonized matter with greater intenſity 
of fire, till the ſulphur is diſſipated ; increaſing the fire 
farther, to the fuſion of the remaining ore; adding a 


new mixture of tartar, ſalt, and charcoal, in ſucceſſive 


equal portions ; ſtill increaſing the fire under the covered 
crucible ; then, after half an hour of this greateſt intenſity 
of the heat, ſearching at laſt for the metallic, malleable 
button.—lIn the humid aſſay, the ſulphuric and the nitric 

acids may be ſucceſſively employed; and the copper may 
be precipitated by iron, from the acid ſolutions of the 
eee 


n che great way, ores of copper are purified by a pro- 


fication in ceſs more operoſe. The ore is firſt picked, ſorted, pounded 


the great 
Ways 


in a mill, and waſhed for the ſeparation of the gangue 


and other extraneous ſubſtances. Its mineralizer is then 


expelled by torrefaction. It is fuſed in a blaſt-furnace. 
The black metal which reſults from this firſt fuſion, is, 
then, again, fuſed in the refining furnace, to diſperſe the re- 
maining ſulphur by which its colour was darkened. From 
this furnace, the melted metal is, after ſome time, poured 
into a broad veſſel, cooled on the ſurface with water, 
and thus in part rendered ſolid for particular examination. 
This copper is at laſt eſteemed fit for hammering. The 
roaſting or torrefaction is one of the moſt difficult of 
this ſeries of proceſſes ; and is often to be performed for 
a number of times ſucceſſively.— After all this, whenever 
it happens that the copper is believed to contain a quan- 
tity of ſilver ſufficient to deſerve extraction, a new pro- 
| cely 


Copper, and its Compounds: 


ceſs is to be employed. In this proceſs, ſeventy-five BOOK vn 


Ster IV. 
— . 


pounds of copper are fuſed together with two hundred 
and ſeventy-five pounds of lead: The alloy thus formed, 
is caſt into flat pieces which are called Loaves of Liqua- 
tion : Theſe loaves are then expoſed to a heat ſufficient to 
fuſe the lead and in combination with it the ſilver, but 
not of ſuch force, as to overcome the refractorineſs of the 
copper: The loaves, now called Dried Loaves of Liqua- 
tion, are, next, in order to carry off the Lead and Silver 
more, entirely, expoſed to the action of a ſtronger heat, 
in a ſecond furnace. Ihe Silver is afterwards ſeparated 
from the Lead, by fuſion in Cupels. 


The pure metal obtained by theſe proceſſes in the hal 4. 
or in the great way, is of a bright red colour; has an un- . pure 
pleaſant ſmell which is rendered ſtronger by heat or fric- ** 


tion; has a nauſeous, ſtyptic taſte, leſs ſenſible, how- 
ever, than that of iron; is hard, elaſtic, ſonorous, of a 
ductility which renders it reducible intogfine wire or ex- 
ceedingly thin plates ; has between eight and nine times 
the ſpecific gravity of water ; is of ſuch tenacity that 
a wire of copper one-tenth of an inch in diameter, will 
ſuſtain a weight of 2994 pounds; is ſuſceptible of cryſ- 
tallization into quadrangular pyramids ; weighs, r cu- 
bic foot, 545 pounds. 
Long expoſure to the mixed airs, moiſture, and ſalts of 


hard greeniſh coating, well known to Antiquarians, by per 
the name of Patin. Cold water has greater power bn 
that which is hot, to diſſolve copper. 


The ſolitary action of Light upon coPPER is not Lig 


known, In the fire, the power of Caloric makes it be- Caloric, 
come, firſt, blue, then yellow, at laſt of a violet colour. 
Strong 


$- 
the atmoſphere, alters the ſurface of this coPPER into 2255 
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cr. Ay Strong ignition i * neceſſary to bring it to fuſion. In 
contact wich burning coals, it gives a blue greeniſh tinge 
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to the flame. If held long in fuſion, it is partially vo- 
latilized. Heated in contact with air, it attracts oxygen 
with ſuch force as to burn at the ſurface ; and is thus 
converted into a blackiſh red oxyde. If Copper be flow- 
I cooled from a ſtate of fuſion, ſo as to congeal at the 
ſurface, while a part ſtill remains fluid below ; and if that 
which is ſtill fluid be then poured off; it affords, by this 
flow cooling, quadrangular cryſtals, which appear at 
thoſe parts where the. congealed copper was in contact 
with the copper ſtill in fuſion, | 

Nitric Acid oxydates COPPER with an energy and 


Acid. rapidity which occaſion the diſengagement of the azote 
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wich efferveſcence. The acid muſt be flightly weakened, 
to prevent the change from taking place with inconve- 
nient violence. Nitric acid more conſiderably diluted, 
produces a niinste -of copper, by accompliſhing an entire 
ſolution of the metal. Ibe ſolution rapidly concentrated, 
affords the ſalt in an uncryſtallized magma. By exapo- 
ration, it gives the ſalt in parallelogrammatic cryſtals. 
In ſome inſtances, the cryſtals have been rhomboidal 
and of a white colour, not blue-—as they are more com- 
monly deſcribed. They decrepitate upon coals ; emitting 
a red gas, and leaving a reſidual grey oxyde. 
It js probable, that, at leaſt in the atſmoſphere, car- 
Bonic acid contributes to the oxydation of co ER, by 
aiding the action of moiſture, and of the azotic and oxy- 
genous gaſes. 275 

Sulphuric Acid when Wee and aided by the 


wy preſence of much caloric, has the power of diſſolving 
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copper. This ſolution affords, —by immediate evapora- 
tion, 
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Copper, and its Cum ι,ο 2323 
fion, long rhomboidal cryſtals of ſulphate of copper, — 
a beautiful blue colour, — by ſpontaneous cooling, ſumilar — 
cryſtals, together with a precipitated green oxyde. © This 
ſulphate of copper is a ſalt common in commerce. But, 
in the great way, it is differently manufactured. It is 
procured either by burning, effloreſcence, and lixiviation copper 
from native cupreous pyrites,—or by a ſimilar ſeries of 
proceſs from a factitious cupreous pyrites, formed for 
this expreſs uſe. It is a powerfully ſtyptic ſalt; eafily 
fulible by heat; decompoſable by intenſity of fire, by 
lime, magneſia, and ammoniac ; containing in the hun- 
dred pounds, thirty of acid, „ Pon of water, twenty- 
ſeven of copper. 

Meuriatic Acid, concentrated and heated to ebullition, nw. 
has, alſo, the power of diſſolving CoyyEer.. Ihe ſolution 3 
is green, and affords by flow evaporation, conſiderably 
regular cryſtals. This ſalt is deliqueſcent; of a graſs- 
green colour; cauſtic and aſtringent to the taſte ;. fuſible 
by a gentle heat; and, after fuſion, liable to congeal to a 
maſs, from which the acid is not ſeparable, e 
intenſity of heat. 

Acetous Acid, whether hot or cold, acts upon co ER, 11. 


only with energy ſufficient to corrode it. The falt thus Acid. 


formed, is an acetite of copper, and is known in commerce 
by the name of Verdigris. It has long been manufac- 
tured at Montpelier—by—placing the refuſe of grapes, 
after its fermentation with ſour wine, in alternate ſtrata 
with plates of copper, fix inches in length, and one inch | 
in breadth ; leaving theſe matters, for a certain time, in Verdigris, 
this ſtate ; then, depoſiting the plates of copper on the 
edges, in a cellar, with the intermediate layers of the 
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Copper, and its Compounds, 


2 and ſcraping off the verdigris, as it ſwells up; which is 


os only to be put aſide in leathern bags for exportation, 


The affuſion of vinegar upon plates of copper, pro- 
duces, alſo, a verdigris; which is, however, an acetate, 
not an acetite, of copper. The ſolution of the oxydes :f 
copper in vinegar affords a cryſtallized verdigris which is 
Acetate of copper. In preparing this ſalt; a weak vinegar 
from wine-lees, is boiled on the oxyde ; the ſolution is 
then concentrated in a boiler, till a pellicle appears on its 
ſurface; ſticks are immerſed in the bath : at the end of 
a certain number of days, theſe ſticks are found to be 
covered with blue rhomboidal cryſtals. Each cluſter of 


| theſe cryſtals, is uſually from four to ſix pounds in weight. 
They are, now, fit to be put up for ſale. Diſtillation will 


deprive them of their vinegar ; leaving ay a reſidue of 
pyrophorous oxyde of copper. 


Bs nk Baryt, magneſia, and lime are not known to act upon 


Alkalis. 


copper. Potaſ and ſoda, if digeſted, cold, on filings of 
copper, aſſume, after a certain time, a light blue colour, 
and cauſe the copper to exhibit, on its ſurface, a powder 
of the fame colour. Ammeniac diſſolves coPPER, with 
a much more powerful energy. Filings of copper, di- 
geſted with ammoniac, produce, within a few hours a 
new ſalt of a beautiful deep blue colour. After digeſtion 


for a number of months, and many intervening changes; 


a blue and a brown ſalt, in a pretty large proportion, are 
exhibited in the phial in which the mixture is kept. By 
flow evaporation, this ſame ſolution affords beautiful 


cryſtals, not unlike to the native azure of copper. Acids 


do not precipitate the Ammoniacal Solution of copper, 
but only change its colour from blue to a very pale green. 
All the oxydes of copper are caſily ſoluble in ammoniac: 

| and 


* 


Copper, and its Compounds. 335 
and a very beautiful blue colour immediately appears, in BOOK VII 
of the ſolution. The uſe of ammoniac has, —— 

therefore, been propoſed, as a teſt to detect the preſence 
of copper wherever its exiſtence is ſuſpected; for even 
the ſmalleſt portion of the metal is received into com- 
bination with the alkali. | 

Iren, having ſtronger attractions for the Acids, than IM 
coPPER, precipitates this laſt metal from all its ſolutions. — 
A ſolution of ſulphate of copper, poured; for inſtance, N, 7 
upon the clean ſurface of a piece of iron, inſtantly a by 
that ſurface with copper. | 

Filings of cCoPPER caſt upon Nitrate of potaſh in fu- 14. 
fon in a large crucible, decompoſe it with a flight mo- Cote = 
tion, and with the emiſſion of ſmall flaſhes. A browniſh Eline fats. 
oxyde with a mixture of potaſh, are the fixed reſidue, re- 
maining at the end of the proceſs, in the crucible. Waſh- 
ing carries off the alkali, and leaves the metallic oxyde, 
pure. It flows, without addition, into a glaſs of a deep 
opake colour, which is uſed in colouring enamels. Mu- 
riate of ammoniac is eaſily decompoſable by copper. Gas- 
ammoniac, gas-azote, gas-hydrogen from the water of 
the ſolution, and a fixed reſidue of muriate of copper, 
are the reſults of this decompoſition, A ſolution of /ul- 
/hate of alum, boiled in a copper veſſel, depoſites a ſmall 
quantity of clay : And it ſhould, therefore, ſeem, that 
copper poſſeſſes, in a flight degree, the power of decom- 
poling this ſalt. The Oxyde of copifier is reducible by 
Zas- Hydrogen, which abſtracts its oxygen, to form water. 
There is a compound of ſulphur with copper, which ſerves 
as a dye, for the painting of calicoes. 'Sulfhures diſſolve 
copper both in the dry and in the humid way. 
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Ausg. of at. Pu Its alloy with biſmuth is of a reddiſh colour 
copper wich cubic facets. In combination with antimony, it 
metals, gives an alloy of à violet colour. With zinc it forms 


Braſs, 


che metals thus united. By fuſion with tin, copper af- 
Hell. metal. fords bronze or bell-meta!. The greater the proportion of 


perfect union. The alloy of copper with flver is more 


Copper. boilers for dyeing-houſes and bleach-fields ; to form our 


| to a multiplicity of uſes, Its * and combinations 


poor The alloy of cor rx with ar/enic, difords that mixed 


the cementation, braſs. —A plate of copper plunged into 
a quantity of mercury in fuſion, takes up ſo much of 


| weak acid, or with ſcraping, —fuling the-neceffary quan- 


loaves af liquation, above mentioned. Copper and iron 


\ 


Copper, and in CD!. 


meal which is known by the vulgar name bf white tom- 


by fuſion or cementation, the Lafis Calaminaris ; the 
reſult of the fuſion, being that ſort of Lapis Calaminaris 
which is called Similor or Manheim Gold; the product of 


the mercury, as is ſufficient to. make it aſſume a white 
colour,-Copper. is ſuſceptible of being coated with tin: 
An operation which is performed—by clearing the inſide 
of the copper veſſel with muriate of ammonic, with a 


tity of tin in the vefſel,—and fpreading it, thus ſuſcd, 
with old rags. Pitch is applied to hinder the oxidation of 


tin; ſo much the more brite, white, and ſonorous, is 
this alloy. Lead and copper are united by fuſion, in the 


are brought with extreme difficulty, into a ſort of im- 


fuſible than pure copper. Theſe two metals are united 
to form ſolders. Copper an ſilver from its fo- 

re. in Nitric Acid. | 

: Copper is uſed, Ee A WTR Tas to form 


baſeſt coins ; in kettles, and ſome other domeſtic uten- 
ſils. Its alloys with biſmuth, zinc, and tin, are applied 


with 
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with the acids afford dyers' and painters* colours. The BOOKVIT 
ready formation of theſe ſalts in copper veſſels, and their wyw 
exceſſive noxiouſneſs to the Animal ceconomy, have oc- 


caſioned copper to be ſuperſeded, in a great meaſure, by 


Ster. XIV 


earthen-ware, caſt-iron, and tinned iron, in the manu- 

facture of utenſils for the kitchen and the table, in every 

country in which pernicious cuſtom and the artifices of 
trade have not more influence than a due regard to the 
health of the people. 
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Silver, and its Compounds. 


SECTION FIFTEENTH. 
SILVER, - 


Sib is found in Nature, Wu cotfideratle diverſity 


Szcr. XV. of forms. It is ſometimes native, in its pure metallic 
gate: in which it appears—in ſeries of. octohædrons in- 
Ores of ſerted in one another, —in ſmall, capillary, flexible threads 
ſuver. int wined together. —in plates, —or in maſſes. There is a 


native alloy of ſilver with gold, in filiform, reticular, or 
ſpangled ſpecimens of a yellowiſh white colour. There 
is a cupriferous native Silver, in which the proportion of 
the copper is ſcanty, and the aſpect of the ore little dif- 
ferent from that of the pure ore of ſilver. In certain 
whitiſh ores, the ſilver is mineralized by a proportion of 
amimony : The ſpecimens are irregular grains, lumps, 
or priſms. There is a grey ore of filver, ſuſceptible of 
being cut like lead, capable of regular cryſtallization, 
but often in lumps of uncertain form, in which the ſilver 
is mineralized by ſulphur. There is an arſenico-martial 
ore of ſilver, of a dull white colour, a foliated fracture, 
ſometimes in ſix - ſided priſms, or in truncated pyramids, 
oftener-in irregular lumps. There is a maſſive, greyiſh 
black ore of ſilver, in which the ſilver is combined with 
carbonic acid, and with the oxydes of antimony and cop- 
per. - There is a corneous filver in which Muriatic Acid 
is the mineralizer. There is a ſoft filver ore in which 


the ſilver is aſſociated with argillaceous earths. A native 


combination of filver with biſmuth has been recently 
diſcovered 
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diſcovered in Saxony. Silver often exiſts in ſmaller pro-BOOK vi 
Ster XV. 

portions, in the ores of cobalt, nickel, lead, antimony 

copper, in various ſtones and earths, and even in ſome 

organized bodies. Germany, and other countries of Ku- 

rope, but more eſpecially Peru and Mexico in South 

America, contain filver mines, and afford theſe different 

ores of ſilver in the greateſt abundance. There are alſo 

ſilver- mines in Ireland, in Norway, in France, and in 

many other parts of the world. 

The following is a mode of aſſaying the purity 2 
$1LVER, Take thirty-ſix grains of the metal: wrap — 
theſe in a plate of lead: then expoſe the whole to cu- 
pellation: The button of pure ſilver remaining, after the 

proceſs, in the cupel, will ſhew by the compariſon of its 
weight with that of the ſilver at firſt employed, what pro- 
portion of pure metal, that ſilver contained. This is a 
mode of aſſay for ſilver already wrought. 

Different modes are employed in different countries, to Ry 
purify falver ores. In Mexico and Peru, the mineral is tion of 
pounded, roaſted, waſhed, then triturated with mercury in fer ores. 
copper boilers full of boiling water. A fort of mill is 
employed to keep the whole in agitation. The amalgam 
is afterwards preſſed in a ſkin: Heat is applied to drive 
off the remaining mercury : The filver is, thus, at laſt, 
obtained pure. But, in this mode of operation, there is 
too great a waſte of the ſilver. Silver ores mineral- 
zed by ſulphur, are eaſily purified by roaſting, pounding, 
waſhing, fuſion with lead, and cupellation. Poor ores 
of ſilver are to be fuſed with cupreous pyrites ; and the 
mixture thus produced, is then to be treated in the way 
of liquation,—the lead and filver being ſeparated from the 
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349 Silver, and its Compounds: 
BOOK VIE copper by ſucceſſive roaſtings,—and then from one ano- 


— ther by fuſion in cupels. 
Silver thus purified, is of a brilliant white colour; 


of pure without taſte or ſmell; little alterable by fire ; of between 
ern ten and eleven times the ſpecific weight of water; weigh- 
ing about 712 pounds, each cubic foot; of a ductility 
\ nt makes it ſuſceptible of being beaten into leaves of 
* which a grain meaſures 51 ſquare inches,—and drawn 
into wire about As part of an inch in diameter, or half 
' the diameter of a fine human hair; of ſuch tenacity, that 
a wire of one-tenth of an inch in diameter, will ſuſtain a 
weight of 270 pounds ; leſs ſonorous, hard, and elaſtic 
than copper ; liable to become harder under the hammer, 
but ſofter by heating; cryſtallizable into quadrangular 
pyramids, either ſolitary, or in groupes in which the pyra- 
Aden of mids are diſpoſed, laterally, one over another. 


— he atm®- By the Atmoſſthere or by Light alone, this metal is not 


ſphere on 


* liable to be altered. 
An of It is not fuſible, unleſs ſubjected to a very ſtrong heat. 


Aloric on It has been volatilized, without alteration, in the heat of 


* „„ foo of Truidine's lens. im this waste the 


metal riſes in thick fumes, and faxes, in a white cruſt, on 
plates ſubjected to receive it. Silver has been vitrified by 
Junker, in a ſtrong reverberatory heat. Macquer at length 
obtained from filver expoſed twenty times, ſucceſſively, to 
che porcelain furnace of Seves,—a glaſs of an olive - green 
colour. In the focus of a burning mirror, ſilver has 
been obſerved to preſent, on its ſurface, a white pul- 
verulent matter, and to depoſite a greeniſh vitreous cover- 
ing, on the ſupport that ſuſtains it. From theſe facts, it 
is evident that metallic ſilver is indeed capable of oxydation 
by 


heat in contact with air containing gas-oxygen,—yet not BOOK VII 
without extreme difficulty. The mutual attraction be- 
tween SILVER and oxygen is, therefore, not ſtrong. 

Gas-hydrogen ſeems to have a conſiderably ſtrong at- r . 
traction for s1LVER. All filver ſurfaces are quickly tar- drogen. 
niſhed by, this gas, and by every compound, from which it 
is eaſily diſengaged. 

| Sulphur eaſily combines with SILVER. The combina- — 
tion is artificially effected by ſtratifying plates of the metal and its 
with pulverized ſulphur, and fuſing this mixture, rapidly. G Peunds. 
It is a maſs of a deep violet-colour, brittle, needled, much 
more ſoluble than pure filver. It is eafily decompoſed by 
fire, which, volatilizing and diſſipating the ſulphur, leaves 
the filver pure. Sulphures eafily diſſolve ſilver in the dry 
way. One part of filver, mixed with three parts of an al- 
kaline ſulphure, gives a mixture, in which the filver has en- 
tirely difappeared, which is ſoluble in water, and affords 
irom the ſolution, by acids, a black ſulphureous precipitate 
of ſilver, It ſhould ſeem, that filver is capable of detaching 
the ſulphur from the alkali in thoſe alkaline ſulphures. 
Sulrhuric Acid poured on filver, oxydates the metal, and 
gives out, during the proceſs, a large proportion of ſul- 
phureous acid-gas. With the oxyde, there is formed a 
ſmall proportion of ſulphate of filver, which is obtained in 
needles, or in needled plates. 

Nitric Acid diſſolves $1LVER with great energy; giv- 
ing out, while the ſolution is effected, a large proportion of 
nitrous gas. The ſolution is, at firſt, blue,—and if the ſilver 
be contaminated with copper, green: but the Colour af- 
terwards diſappears from the pure ſolution. It depoſites, by 
ſtanling, hexangular, triangular, or ſquare plates of Nitrate 
of filver, The reſt is an oxyde of filver. The nitrous ſo- 
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$42 Of Silver, and its Compounds. 


BOOK Y lution of Gilver, colours the {kin black, and by its tendency 


Szer, XV. 


2 to give out oxygen, actually deſtroys the epidermis. On 


burning ccals, nitrate of ſilver mel:s. By a gentle heat in 
earthen or metallic veſſels, it is liquefied, and rendered fit 
to be caſt in moulds, Into theſe, it muſt be poured, the 
moment it is fuſed. The ſubſtance thus produced is vul- 
garly known by the name of Laſiis Infernalis, is of a 
whitiſh colour, and a powerful cauſtic. The filver is 
precipitable from the ſolutions of the Lafiis Infernalis, by 

| lime-water, alka'is, and ſeveral metals. | | 
of Lurie The Oxygenated muriatic acid diſſolves metallic 81LvzR, 
at, An oxyde i the product of the ſolution,——togrther with ? 
Acids, {mall proportion of true muriate of filver. Nitro-muriatic 
acid diſſolves ſilver, and precipitates from the ſolution a 
muriate of filver. | | 
—— 5 The neutral ſalts in general, have but little re- action 
Salts. upon SILVER, Nitrate of potaſh has leſs power over this, 
than over any of the leſs precious metals: Detoniza- 
tion with nitrate of potaſh, is therefore, a good means for 

the ſeparation of ſilver from an alloy of baſer metals. 
or A . The alkalis and /aline-terrene ſubſtances have little force 
of reaction upon ſilver. | 

12. SILVER unites readily with arſenie; and the reſult of the 


CTCTombina- 


tions with union, is a brittle mixture. With cobalt, it does not eaſily 
combine. It forms by an eaſy combination with b:/muth, 
a brittle mixed metal, of which the ſpecific gravity is 
greater than that of either of the two ſubſtances of which 
it is compounded. SILVER enters not into union with 
nickel : But, when theſe two metals are melted together, 
they remain beſide each other, as if their ſpecific gravity 
were perfectly the ſame for both. The fuſion of filver 
with pure antimony gives a very brittle alloy. Sulphurated 

a AaAntimony 


fuſion and flow cooling, this amalgam affords te trahœdral 


alloy with iron, has not, as yet, been much examined; 


very uſeful alloy. 


| fort of vegetative figure, which conſiſts of tetrahcedral 


Of Silver, and its Compounds. = $43 
antimony is decompoſed by ſilver, which detaches the ſul · oon vn 
phur. Zine combines, by fuſion, with ſilver, to produce J 
2 very brittle mixture, granulated at the ſurface, By the 
trituration of ſilver leaf with mercury, there is formed an 


amalgam, of which the confiſtency varies with the pro- 
portions of the two component ſubſtances : By ſubſequent 


priſmatic cryſtals, terminated, by pyramids of the ſame 
form. It ſhould ſeem, that, in this combination, the mer- 
cury aſſumes a degree of fixity : for, it is leſs eaſily ſepa- 
rated from the ſilver, than volatilized, alone. Silver unites, 
likewiſe, with tin; but loſes its ductility by this union.— 
It enters into a very fufible alloy with lead; in which it 
is, however, deprived of its ductility and fonorofity.—lts 


yet may, hereafter, become highly uſeful in the arts.— 
With coffe it combines in all proportions, Wins forming 


The Ox vp oF $ILVER merits yet more particular 34. 
attention. It is only the extreme intenſity of heat, that giver by 
can enable this metal to attract oxygen from the atmo- ng xcid, 
ſphere. In all its combinations with the acids, however, 
it is more or leſs oxydated. Lime-water, alkalis, and ſe- 
veral of the metals precipitate ſilver from the nitrous ſo- 
lution of its oxyde. A plate of copier immerſed in this 
nitrous ſolution, precipitates the filver, and gives a nitric 
ſolution of copper of a blue colour. Mercury, too, at- 
tracts the ſilver into amalgammation with itſelf, from this 
ſame ſolution of the oxyde : A ſmall quantity of mercury 
added to a nitric ſolution of filver, gives the ſilver in a 


cryſtals, terminating in a tetrahcedral pyramid, with an ar- 
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Silver, and its Compounds. F 


BOOK VII ticulation of the cryſtals int» one another. The muriatic 
2 A oxyde of ſilver becomes quickly brown by expoſure to the 


ſolar light, and at the ſame time, gives out gas-oxygen, 
Of the muriate of ſilver, which ſeems to be, always, in 
part, an oxyde, boiling water does not diſſolve above three 
or four grains for every pound of the fluid. It is de- 
compoſable by the alkalis which detach its portion of 
genuine muriatic acid. Thy lightneſs of the combination 
between ſilver and oxygen, renders it poſſible to form with 


the nitrous oxyde of this metal, one of the moſt dreadful 


and aſtoniſhing fulminating powders hitherto known to us, 
A portion of the fineſt ſilver is to be diſſolved in nitric 
acid ; precipitated from this ſolution by lime-water ; left 
dry by the decantation of the water ; expoſed for three 
days to the influence of the air and the light ; mixed with 
ammoniac, till it take the form of a black powder; then 
dried, finally, in the open air. This product, brought into 
this ſtate, is the fulminating powder invented by Berthol- 
let, of which the effects are the moſt forcible and extra- 
ordinary. It has been called fulminating ſilver. The 
contact of fire is not even neceſſary to produce its deto- 
nation. It kindles and explodes of itſelf. Its very prepa- 
ration is ſo dangerous to the operator, that it is not to be 
ſafely attempted, without a maſk with glaſs eyes, upon the 
face.— In this fulmination, the hydrogen of the ammoniac 
combines with the oxygen of the oxyde of ſilver: Water 
is formed, and in its formation expanded into vapour. The 
eager action of the attractions between hydrogen and 
oxygen; and the exceſſive expanſion of the water which 
they form; are the cauſes of the detonation.— The ſilver 


tallic 


Silver, and its Compounds. 


345 


tallic charaRter.——So much for the OxyDEs, more or BOOK VIT 


leſs perfect, of this metal. 

Ihe ductility, of ſilver, and its averſion from any very 
. union with oxygen, render it highly uſeful in the 
Arts. Its metallic brilliancy makes it eligible for many 
ornamental purpoſes. Its indeſtructibility by air and fire 


render it a fit material for the compoſition of domeſtic 


utenſils. It is uſed in coinage, as a precious metal emi- 
nently fitted by its own intrinſic value, to. become a repre- 


Szer. XV. 
2 


bier of 
Silver, 


ſentative ſign of the value of other commodities In the 


arts, and in coinage, it is uſually alloyed with a certain 
proportion of copper, to augment its hardneſs. In the 
Britiſh filver coinage, the ſilver is 11 ounces, 2 penny- 


weights fine, —the remaining portion of each pound, being 


copper. In France, the uſual alloy of copper, in the filver 
coinage, has been one-twelfth part. In the ſolder uſed to 
join different parts of filver utenſils, the proportion of cop- 
per, is ſo much greater, that ſuch veſſels are apt to ex- 
hibit ruſt and verdigris at the places where they are ſol- 
dered.——Falſe coiners produce bad ſilver money, either 


by uſing an alloy of filver with copper, in which the pro- 


portion of the ſilver is below the true ſtandard,—by em- 
ploying the alloys of ſilver with zinc, arſenic, or biſmuth, 
or by ſuperficially covering plates of copper with ſilver. 
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Gold, and its Compounits. 


SECTION SIXTEENTH. 


GOLD. 


— (or is often found in Nature, perfectly pure, in va- 
CT. pe 


- Fo 
Ores of 
Gold. 


Extraction 
d 


of Gol 
ſrom its 
Ores. 


* ,rious forms and in different gangues. In the gold mines 


of Boitza in Tranſylvania, it has been met with in octo- 
hcedrons truncated ſo as to have the appearance of hex- 
agonal plates. In thoſe of Legardet, near Allemont in 
Davphiny, it has been found in filaments, and in plates 


diſſeminated on a gangue. It has been found in ſmall 


plates and ſpangles in earths and in the ſands of many 
rivers. It is found, alſo, in irregular, uncryſtallized maſſes ; 
a form in which it has the appellation of Gold- duſt. The 
largeſt piece of this ſort that has, hitherto, been diſcovered in 
Europe, was found in the county of Wicklow in Ireland : 
Its weight was no leſs than two and twenty ounces. It 
is often in alloy with ſulphur. There is, alſo, known, an 
arſenical ore of gold. It has been extracted from an ar- 
gentiferous copper pyrites, called in Hungary, Gelf,— 
from the mixed ſulphurated ores of Nagaya in Tranſyl- 
vania, —and by Beccher and Sage, from the remains of 
putrefied vegetables, or vegetable mould. M. Berthollet 
and other French chemiſts have obtained gold out of aſhes, 
in the proportion ot 40 f; grains of gold from the cwt. of 


the aſhes. 


Gold, rarely exiſting in its ores, otherwiſe than in a me- 
tallic form, is extracted by a proceſs not very difficult to 
be explained. That which is called pure Native Gold is 

to 


Cold, and its Compounds. 


| ; 18. ; BOOK VII 
to be ground, waſhed, triturated in a mortar with water BOOK VII 


and ten or twelve parts of mercury, freed by decantation wwway 


from the water, preſſed in bags of chamois leather through 

which moſt of the mercury eaſily paſſes, then cleared by 
diſtillation from whatever mercury, it may happen ſtill to 
retain. From the ores of lead and conſter, gold is extracted 
by cupellation, eliquation, and the proceſs of parting.— 
When embodied in earths or flones ; gold may be ſepa- 
rated, in the humid aſſay. by diſſolving the powdered 
ſtone,—if it be calcareous, in Nitric Acid,—if it be ſili- 
cious, by digeſting it in nitro-muriatic acid and then 
precipitating the gold with the diluted ſolution of iron. 
Or the earth or ſtone in powder may be amalgammated 


with ſix times its own weight of mercury, in a proper veſ- 


ſel: in which it is to be agitated with the mercury made 
hot, and with ſucceſſive additions of boiling water,—till 
the mercury ſhall take up the gold; which may be after» 
wards ſeparated from it by diſtillation. ———Baron BoRN has 
reduced all the operations for purifying the ores of both 
filver and gold to the following ſimple proceſs. I. Pound, 


divide, fift the mineral: 2. Let it be properly roaſted: . 


3. Mix it with muriate of ſoda, water, and mercury, and 
agitate it, to facilitate amalgammation : 4. Expreſs the mer- 
cury from the amalgam : 5. Diſtil the expreſſed mercury: 
6. Refine the metal by cupellation. — After this cupella- 
tion, the gold may ſtill contain filver, which is to be ſepa- 


rated by ſolution with concentrated nitric acid, in a heated, 


decantation of the ſolution, a new addition and decantation 
of yet ſtronger acid, and finally, waſhing with hot water, 
till the water ſhall come off taſteleſs. Even after this pro- 
ceſs, the gold ſtill retains a very ſmall proportion of ſilver, 
which cangat be entirely detached from it. 
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Gold, and 1 Compounds. 


OUTTA Pure 60LD, thus obtained, is the moſt perfect, and the 
—— leaſt alterable of metals. It is of a yellow, brilliant colour; 


3. 
Characters 
of pure 

Gold, 


is of all known ſubſtances, except platina, the heavieſt— 
loſing only between one-nineteenth'. and one-twentieth 
part of its weight in water; is ductile to ſuch a degree, 
that an ounce of gold is ſufficient to gild a filver wire 444 
leagues in length, and that it may be reduced into plates 


ſufficiently thin to be blown about by the wind; is of all 


4. 
Action of 


fire upon 
Gold. 


metals the moſt tenacious, ſo that a gold- wire one-tenth of 
an inch in diameter will ſuſtain a weight of 500 pounds; 
becomes hard under the hammer, but recovers its ductility 
by ignition; poſſeſſes no conſiderable natural hardneſs or 
elaſticity ; is cryſtallizable by cooling, into ſhort quadran- 
gular pyramids. | | 

Gol p expoſed to the action of FIRE, firſt becomes red- 
hot; then, in a ſtrong heat aſſumes a bright ſea-green 
colour; at laſt, after bemg heated to whiteneſs, melts. 
The ſtrongeſt heat of a furnace, however long applied, 
does not alter gold. But, Homberg found, that in the 
focus of the lens of Tſchirnhauſen, this metal would fume, 


. volatilize, and vitrify. Macquer made gold to exhibit 


Sulphur and 


$n1phuric 
Acid, 


ſimilar phenomena in Trudaine's burning mirror. 
GoLD undergoes not alteration by expoſure to air 


or /ight. The depoſition of extraneous ſubſtances may 


change its exterior appearance : But, no new combination 
is effected. | « 

Water is capable of effecting an extreme comminution 
of the particles of 60LD, and of holding it in ſuſpenſion, 
But, this action is merely mechanical. No chemical change 
is, by this agent, accompliſhed upon the metal. 

Sulhliur is as little capable of chemical reaction upon 
GOLD. But, as this ſubſtance poſſeſſes a different power 


pvcr 


over other metals ; the uſe of it has been propoſed for the 00 N 


4 ſeparation of filver in particular, from its alloy with gold. 4. 
q But, the ſeparation is imperfect; and this expedient is em- 

0 ployed, only where the maſs is too poor for a more expen- 

, five proceſs. There is no reaction between Gold and Ju. 

4 þhuric acid, in any ſtate of the acid. 

$ Very pure nitric acid is capable of diſſolving 60LD in + | 


1 very ſmall quantity, under the agency of cold. Pure nitric Acid. 

f acid boiled upon gold, effects a ſtill more evident ſolution 

of the metal. The weight is. in this proceſs, unqueſtion- 

ably diminiſhed : The evaporation of the acid leaves a 

reſidue of gold or oxyde of gold: And the immerſion of a 

6lver plate into the ſolution, parts the gold from it, in the 

form of a black, woolly depoſit, The quantity of the 

acid, the time of the ebullition, and the particular thick- 

neſs of the metallic body, occaſion variations in the quan- 

tity of the compound produced by this ſolution. | 
The only very powerful ſolvents of 60LD, are, the Com una 

uitro-muriatic acid and the oxygenated muriatic acid. Oxy- Muriatic 

genated muriatic acid highly concentrated, poured upon a Acids. 

broad ſurface of gold, and aided in its operation, by the 

preſence of heat, diſſolves the gold with conſiderable energy, 

and without any ſenſible efferveſcence. The nitro-muriatic 

acid, concentrated, and brought into contact with gold, in 

a high temperature, and with the metal in a ſtate of ex- 

treme diviſion, diſſolves it with great efferveſcenee, and 

gives out nitrous gas during the ſolution. Saturated with 

as much gold as it can take up, this acid is of a yellow 

colour more or leſs deep, conſiderably cauſtic, having power 

to corrode animal matters, and to tinge them of a deep 

purple colour, It affords, by cautious evaporation, cryſtals 

of a beautiful yellow colour, not unlike to topazes, and 
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Cold, and its Compounds. 


BOOK VIt conſiſting ſometimes of truncated octohœdrons, ſometime: 
or tetrahcedral priſms. This cryſtallization is, however, 


| 
10. 


Other 
11. 


not always to be obtained: Bergman conſiders theſe cryſ. 
tals, not as an oxyde, but, as a true muriate, of gold 
Similar cryſtals are afforded from the oxy-muriatic ſolution, 
None of the other acids are known to act upon 
gold not in ſolution. | 2 
Lime and magne/ia precipitate 60LD from its nitro- 


| — muriatic or oxy- muriatic ſolution, by detaching the mu- 


12. 


riatic acid and moſt of the oxygen. The precipitate is a 
yellow powder which, by the aid of a flight heat, be- 
comes perfect metallic gold. | 

ALKAL1s precipitate GOLD from its muriatic ſolution, 
in a yellowiſh powder, ſoluble in ſulphuric, nitric, or 


muriatic acid. Concentrated, theſe laſt ſolutions ſuffer 


the gold to precipitate. It has never been obtained from 
them, in cryſtals. Ammoniac poured on a yellowiſh ſo- 


Jution of gold, gives a woolly precipitate ; which, when 


dried in the ſhade, becomes what is called Fulminating 
Gold. This Fulminating Gold detonates, when gently 
heated. It is ſimply a mixture of oxyde of Gold with 
Ammoniac: For, if gently rubbed in a copper tube, the 
end of which is, by means of a ſyphon connected with 
a pneumato-chemical apparatus; it gives out 'gas-ammo- 
niac, and becomes incapable of fulmination : The action 


of a heat lower than that which makes it fulminate, will, 


alſo, deſtroy its fulminating power, by driving off the 


gas : If fulminated in tubes of which the extremities are 
inſerted in veſſels filled with mercury ; it affords a pro- 


duct of gas nitrogen, with ſome drops of water: By tri- 


turation with oily ſubſtances, it is, alſo, deprived of its 
property of fulminating. It is the combination of the 


oxygen from the oxyde of gold with the hydrogen of che On vit 


r, ammoniac, which produces the fulmination of this mix- x! 
l. ture of the oxyde and the alkali. 

d The ſolution of gold affords by the Gallic Acid, a red- . 
_ diſh precipitate which is eaſily ſoluble in nitric acid, and Acid. 
n communicates to this ſolvent a beautiful blue colour. 


Alkaline ſud hures afford alſo a precipitate from the ſolu- 
- tion of gold. Lead, iron, copper, ſilver, biſmuth, mercury, 
if zinc, and tin, having, all, a ſtronger attraction than gold 
, for the acid, precipitate this metal from its muriatic ſolu- 
8 tions. Tin precipitates the gold in a powder known by 
the name of the Purhle Powder of Caſſius, which is much 
„ uſed in manufactures of porcelain. Ether precipitates 
F Gold from its ſolutions, in a metallic form. 

Gold is ſuſceptible of alloy or combination with moſt f cf 
of the other metals. Arſenic, biſmuth, nickel, and anti- Gold. 
mony, by their union with gold, produce a white and brit- 
tle mixture. 77n and lead deprive the gold which they 
alloy, of its duQtility. The alloy of iron with gold is very 
hard, and fitter than gold itſelf for uſe in the Arts. Copper 
increaſes the fuſibility of gold, and renders its colour redder 
than before. The alloy of gold with zinc is a white and 
brittle mixture which has been thought very ſuitable as a 
material for the mirrors of teleſcopes, becauſe it is not ſub- 
jet to tarniſh. Gold unites, in every proportion, with 
mercury. The amalgam thus formed, is darker in colour, 
and more ſolid, in proportion as the quantity of the gold 
is greater. It liqueties by heat; and by cooling, cryſtallizes 
into minute quadrangular priſms. The alloy of gold with 
ſilver is very pale. 

It is eaſy to perceive, that gold derives much of. that ot | 
which renders it precious, from its averſion to any ready of « 
union 
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BOOK — 0 oxygen. In moſt of its clin with acids, 


Szer. 


AA however, it appears to be at leaſt partially ox YDATED, 
Muriate of Gold ſeems to be never pure from an intermix- 
ture of oxyde of gold: And even pure metallic gold is, like- 
wiſe, aſſociated, more or leſs, in all the neutral combina- 


ons of pold,—or, at leaſt almoſt all. 


Goto is of great uſe in the Arts. Gilding, one of the 
moſt common artificial applications of it, is performed in 


the following different manners. Leaves of gold are ap- 


plied to wood by means of ſome glutinous ſubſtance. 
Clippings of gold- leaf are ttiturated to a paſte with honey ; 
in this ſtate, waſhed with water; and dried for uſe in a 
powder. In ell. gold, this laſt preparation is mixed with a 
mucilaginous matter, Gold in rag5—is prepared by ſteeping 
pieces of linen in the ſolution of gold, drying, then burning 
them,—is uſed by dipping a wet cork in the aſhes, and rub- 
bing it upon any filver-ſurface, which isthus eafily gilded. 
In order to that which is called Fater-gilding, the cop- 
per to be gilt is, firſt, well cleaned, with ſand and diluted 
aqua - fortis; then plunged into a diluted ſolution of mer- 
cury ; then ſpread with gold over the mercury; then co- 
vered with gilder's wax to prevent the gold from being 


. carried away While the mercury ſhall be volatilized-by 


heat: The heating of the piece upon charcoal to drive off 
the mercury, and the burning away' of the wax by a ſub- 
ſequent heating, conclude the proceſs Gold is uſed for 
toys, laces, &c. &c. It was anciently employed in medi- 


cine. The apothecaries made their patients ſupply the gold; 


and pretended, that the purer the gold, ſo much the ſpeedier 


would be the cure. But, theſe ancient errors in favour of 


the medicinal virtues of this metal, have. * long ſince, 


entirely . 


SECTION 


PLATINA: 


Prarma wa * in Europe, before the — 
1748, Don Antonio Ulloa, then, gave the firſt informa- . r- 
tion concerning its exiſtence, in the narrative of his voyage 

with the French Academicians to Peru. Mr. Charles 2 Diſcovery 
Wood brought ſome ſpecimens of Platina to . | 
upon his return from the Weſt Indies ; and, in the Philo- 

ſophical Tranſactions for the years 1749-50, gave an 

account of experiments which he had made to aſ- 

certain the peculiar nature of this metal. The moſt 
eminent chemiſts in Europe have fince examined it. 

It is found in Nature, only in a metallic ſtate. It ex» . 


ilts naturally in maſſes or grains, and in combination with guanane in 


iron. The largeſt native maſs of which we have heard, is 88 
one of the ſize of a pigeon's egg, in the poſſeſſion of the 
Royal Soriety of Bergara. It occurs among alluvial ores 

of gold, in the pariſhes. of Novita and CITARIA, 
North from Choco in Peru. It is conſiderably abun- 

dant; and in the winter 1798-1799, a number of bars of 


this metal have been offered for ſale in London. The Spa- 


niſh Government once prohibited it from being wrought, 
from a ſuſpicion that it might be * as an alloy 
for gold. 8 
The perfect purification of LATIN A for uſe, is not 2 
eaſily to be accompliſhed. It has been wrought with the modes of 
hammer, even in its native ſtate. M. ACHARD pub. as 
: 2 
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Platinia, and ils Compounds, 


errut in the year 1774, or about that time, a proceſs for 


Sc. XVII.. 


— its fuſion which is conſiderably ſimple. He put equal 


4. 
Mr. Jannet 


portions of platina, white oxyde of arſenic, and tartarite 
of potaſh into a well-luted crucible: An hour's expoſure 


of this mixture to a violent heat, afforded the platina in 
fuſion: The maſs, when cool, was whiter and more brit- 
tle than common platina : Expoſed anew to a conſiderable 


heat under a muffle, it gave the platina, perfectly pure, 

in conſequence of the evaporation of the arſenic, | 
M. de Moxveau GuYToON, inſtead of arſenic, as in 

the above proceſs, uſed arſeniate of potaſh, He found, 


| likewiſe, that platina was fuſible by means of a flux of 
_ pounded glaſs, borax, and charcoal. 


PLATINA was'fuſed by M. PELLETIER, in mixture 
with phoſphoric glaſs and charcoal. A phoſphure of pla- 


tina, was thus formed, from which the platina was vo- 


latilized by heat. 

BAUuME' adviſes—the uſe of a flight addition of lead, 

antimony, biſmuth, or arſenic, to make platina come into 
a ſtate of fuſion ; and the holding of the alloy in the fire, 
till the baſer metal ſhall have been diſſipated. 
PLATIN A may, indeed, be fuſed with any other metal 
ſuſceptible of folution in acids. The mixture muſt then 
be pulverized, and the acid applied to carry away the 
baſer metal. The pure platina may then be fuſed into a 
maſs, with Guyton's flux. Inſtead of a ſoluble, an 
oxydable, metal may be employed, and treated as before. 

The following is the proceſs of JANNETTY, approved 


ty's proceſs. by KI RWA, as the beſt that has hitherto been uſed to 


- " 


purify platina. 
Triturate common platina with water, to waſh off 
every contaminating matter that water can carry away. 
| a 8 Mix 


Ir 
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Mix the platina with about one-fifth part'of oxyde of ar- BOOK VAT 
EC. > 


ſenic and one-fifteenth part of pure potaſh ; putting the 
whole into a proper cracible,—in the following manner. 
Having well heated the crucible and the furnace receiving 
it, put in one-third of the mixture: After applying to 
this, a ſtrong heat, add one-third more: After a renewed 


application of heat, throw in the laſt portion. Afeer a 


thorough fuſion of the whole, cool and break the maſs. 
Then fuſe it a ſecond time, and, if neceſſary, even a third 
time, till it ſhall ceaſe to be magnetic. Then breaking 
it into ſmall pieces, melt thoſe pieces in ſeparate cruci- - 
bles, and in portions of a pound and a halt of the platina 
to each crucible, with an equal portion of arſenic and 
half a pound of potaſh.—After cooling the contents of 
the different crucibles in a horizontal poſition, in order to 
have them throughout of equal thickneſs, —heat them 
under a muffle to the commencement of evaporation, and 
maintain them in this ſtate, without increaſe of heat, for 
the ſpace of ſix hours. Heat them, next, in common 
oil, till the oil ſhall have evaporated to dryneſs. —Then 
immerſe them in Nitric Acid, boil them in water, heat 
them to redneſs in a crucible, hammer them into a denſe 
maſs, They are now fit to be heated in naked fire, and 
hammered into bars for the purpoſes of commerce. 

PLATINA, thus purified from all extraneous mixture, ;. 
is of a white colour interme ſiate between that of filver — 4 
and that of tin. It is the weightieſt of all metals; its Flatins. 
ſpecific gravity being from 20,6 to 23. It is hard, mal- 
leable, ductile, laminable like gold. A cubic foot of 
platina, purified and forged, weighs 1423 pounds, 8 ounces, 

7 drachms, 17 grains, old French weight. | 
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336 Platina, and its Compounds: 


—— From the action of Air, it ſuffers no alteration. Nei- 
ther water, earth, the alkalis, nor the falino-terrene ſub. 
Addon of ſtances have any power of reaction upon it, in its ſoli- 
Platina, N. ſtate. 
7. Of the Acids, only the Nitro-muriatic or the Oxy- mu- 
Acts. tie act upon it. Both potaſh and ſoda precipitate it 
from this acid combination. The combination itſelf, 
when ſaturated, is of a dark-red colour. One part of 
platina contaminated with iron, being mixed with two 
parts of nitrate of potaſh, and in this mixture, expoſed 
for ſeventy-two hours to a conſiderable heat, —and then 
diffuſed in water, —gave an oxyde of iron,—with a ſmall 
portion of oxyde of platina. 
ma., Though nearly infuſible in the fires of our furnaces, 
PLATINA has been found to yield, even alone, to the 
heat excited by a continued current of pure air, and to that 
of powerful burning-glaſles. 
| Alt, of The union of arſenic with PLATINA, by which the 
Arſenic fuſibility of the latter is ſo much improved, was firſt at- 
Plat - of tem pted by Scheffer. 
Biſmuth Its alloy with b:/muth, is a brittle maſs, not eaſily 
— cupellable, and giving by cupellation, a maſs that has 
4 little duCtility. 
| Antimony By union with antimony its fuſibility is increaſed ; and 
=, its weight and ductility are diminiſhed. - 
3 It forms with zinc, a hard, fuſible alloy, from which 
Platina, the zinc may be in part, but ſeldom entirely, volatilized 
| by fire. 
Tin vim PLATINA enters . into union with tin. The al- 
Flatina. loy is very fuſible, very brittle,—when the tin is a large 
proportion, conſiderably ductile, of a coarſe grain, and 
liable to become yellow in expoſure to the air. 
The 


Platina, and its Compounds. | 357 


The combination of lead with PLATINA is eaſily BOOK II 
formed; is not ductile ; is not cupellable ; is not, in any ls — 
manner, eaſy to be diſſolved. 1 N 

It has been found impoſſible to unite forged iron with —_— 
PLATINA, But, from the fuſion of crude iron with this tort; ih 
metal, there reſulted an alloy harder than that it could be Flatins. 
ated upon by the file; ductile while cold; 88 when 
heated, eager and brittle. 

An alloy of three or four parts of caſher with one part 
of PLATINA, is duCtile, ſuſceptible of a fine poliſh, not 625 
liable to tarniſh for a courſe of ten years. * 

Silver in union with PLATINA, becomes harder, leſs 16. 


Sil ith 
ductile, of a more obſcure colour. The two metals are plating, 


again ſeparable by fuſion and reſt. 
The utmoſt intenſity of heat is required to effect a com- 17: 
bination of PLATINA with geld. The alloy is conſiderably Platina, 
ductile; but the original colour of the gold is entirely loſt. 
This metal is adapted for many important uſes in the 18. 


Uſes of 


Arts. Its infuſibility and inalterability ; properties which — 
it poſſeſſes, though not abſolutely, yet in a higher degree 

than other metals ; render it a very proper material for the 
compoſition of chemical veſſels, It is preferable to gold 

or ſilver, for theſe uſes, becauſe it may be welded or ſol- 

dered, without mixture. Its denſity and opacity fit it ad- 
mirably for the conſtruction of optical inſtruments,—as 

the Abbe Rochon has ſhewn in a mirror of platina which 

unites the advantages, without the imperteCtions, of thoſe of 

ſteel — thoſe of glaſs. 
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Uranite, and its Compounds.” 


SECTION EIGHTEENTH. 


VRANITE. 


. 
not at all new to cranes tre Heng be added 
ſome others of recent diſcovery, 

One of theſe is URANITE, diſcovered by that very able 
German Chemiſt, KLAyPROTH. It has been found at 
Joann-GEoORGENSTADT in Saxony, in a maſſive, yellow 
ochre, which ſtains the fingers, andis infuſible tothe blow pipe. 
At the ſame place, it has been found in minute tables or 
cubes, or in fix-fided priſms of a graſs-green colour, or 
ſometimes, inclining to a filvery white. And in both theſe 
inſtances, it is mineralized by Oxygen. It is mineralized 
by ſulphur in the browniſh, greyiſh, and blueiſh black 
maſſes in which its ore has been found both at Jon ax- 
GrORGENSTADP in Saxony, and at JOACHIMSTAAL 

in Bohemia. 

Solutions in Acids, &c. gives from theſe, a pure metal- 
lic ſubſtance; of an iron-grey colour ; ; conſiderable hard- 
neſs; 6,440 of ſpecific gravity ; in ſmall globules imper- 
fectly agglutinated: ſomewhat leſs fuſible than mangan- 
eſe ; by the blow-pipe, infuſible, but with the addition 
of microcoſmic ſalt or concrete phoſphoric acid, conver- 
tible into a graſs-green glaſs, - with ſoda or borax, only 
into a grey, opake, ſcoriaceous bead. 

OxipE oF URANITE is yellow-coloured. In acids, 
it is eaſily ſoluble, With diluted vitriolic Acid, it affords 

yellow 


Uranite, and its Compounds. 
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jellow eryſſals. With Acetic Acid, it gives yellow, qua-B0OR VI! 


drangular cryſtals. With Phoſphoric Acid, it affords an 
amorphous maſs not eaſily ſoluble. Its ſolution in the 
nitric, and in the nitro-muriatic acids, is of a wine-yellow 


Szc.XVIIL 


0 


colour, and affords greeniſh yellow cryſtals. The ſolutions 


by theſe two laſt acids, yield, by ammoniacal ſulphure, a 
browniſh yellow precipitate, by alkaline gallates, a cho- 
colate-brown precipitate, —by pruſſiate of potaſh, a brown- 
iſh red precipitate, granular, and diffuſed through the 
whole liquor, —by carbonates of potaſh and ſoda, precipi- 
tates of a whitiſh yellow colour, — by ammoniac, yellow 
precipitates, Neither Iron nor Zinc gives a precipitate 
from the Nitric or the Nitro-muriatic ſolution of Ox YDE 
oF URANITE. This Oxyde is abſolutely inſoluble in the 
Alkalis. | 
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360 Sylvanite, and its Compounds. 


SECTION NINETEENTH. 


SYLVANITE, 
BOOK K 

Ster. xx IN 1RWAN gives this name to 2 new metallic ſubſtance 
dom Tranſylvania, which is diſtinguiſhed by peculiar and 
Origin of remarkable properties. It has been very particularly ex- 

Sylvanite. mined by Mr. Muller. 
1 It is of a dark. grey or reddiſh white colour. It is 
Charadters, found imbedded or diſperſed in grains. It has a faint, me- 
tallie luſtre. Its ſpecific gravity is 5,73 but is in- 
creaſed by repeated fuſion, to 6,343. It melts as eafily 
as Lead, gives a thick white ſmoke, and kindles at laſt into 
a browniſh flame. Its ſurface is fretted, as it cools, with 
incipient cryſtallizations. By continued heat, it evapo- 
rates, at laſt, entirely away. It depoſites on charcoal, a 
thin layer of grey powder. With nitrate of potaſh, it 
detonates, leaving an oxyde ſoluble in Acids, and fuſible, 
by the blow-pipe, into a pearl-coloured glaſs, With mer- 
cury, it eaſily amalgammates by ſimple trituration. Its 
combination with ſulphur, affords a ſtriated maſs. With 
cold, or a low, digeſting heat, it gives, in concentrated 
ſulphuric acid, a partial and flight ſolution of a crimſon- 
red colour. It is diflolved, in a very moderate degree, 
with heat and efferveſcence, in Nitric Acid: The ſolu- 
tion, till heated, remains of a greeniſh colour, A mix- 
ture of four parts of Nitric Acid with one part of Ni- 
trate of Ammoniac, gives a yellow ſolution of this ſub- 
fiance, 
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tance. In muriatic acid, it is inſoluble. Its erde poor 
ſeems to be more properly -an acid, capable of 3 
bining with alkalis, though ſoluble, alſo, in other acids. 

It is often alloyed with ſmall proportions of arſenic, 

nickel, and gold. 


SECTION 


Menachanite, and its Compounds, 
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SECTION TWENTIETH. © 


MENACHANITE. 


BOOKVITN/F. | . 
— VL. MAcGREGoOR, not many years ſince, diſcovered 


—— what was found to be a peculiar metallic ore, in the vale of 
| Origin of MENACHAN inCornwall. It has beencalled, from thename 
Menacta- of the place in which it was found—MENACHANITE. 

. Its colour, in the metallic ſtate, is black. It is found 

—— ng in ſmall grains reſembling gunpowder, of no determinate 

ſhape, and often mixed with a fine grey ſand of great 

ſubtility. Its ſpecific gravity is 4,427 ; its powder is mag- 

netic : and it is eaſily pulverized. It does not decrepitate 

by the blow pipe, and is not eaſily affected by microcoſ- 

mie ſalt. But, borax quickly diſſolves it, and makes it 

to aſſume a greeniſh colour. In great intenſity of heat, it 

acquires a flight increaſe of weight. With two parts of 

potaſh or ſoda, it melts into an olive-coloured maſs. From 

that maſs, nitric acid precipitates a peculiar oxyde. By 

particular management, this oxyde 1s ſoluble in acids. It 

s, by this ſolution, found to conſiſt of ,F 46 of Iron lightly 

oxygenated, with ,45 parts OXIDE OF MENACHANITE, 
a little ſilice, and perhaps ſome taint of manganeſe. 

MENACHANITE, finely pulverized, mixed with con- 

centrated Sulphuric Acid, and heated to dryneſs, aſſumes a 

blue colour. The addition of water to the blue maſs, 

alters the colour to a yellow ; and the agitation of the 

liquor then gives a yellow ſolution. This operation is re- 

peated, till the entire ſeparation of the iron, leave the acid 

| | no 


2s 
Its Oxyde. 
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no longer ſubject to be Sſcoloured —A white oxvpr or BOOKVII 


MENACHANITE perfectly pure, yet remains at the bot- 
tom. Again expoſed to .fire, this oxyde becomes of a 
browniſh red colour. It is now perfectly ſoluble in ſul- 
phuric acid; The ſolution depoſites a conſiderable pro- 
portion of white oxyde, by a boiling heat. 
pitable by fixed alkali. The frequent action of Nitric 
Acid on finely powdered Menachanite, renders the ferru- 
ginous part ſoluble in water ; and gives a reddiſh brown 
precipitate. Muriatic acid alſo takes up the ferruginous 
matter. Ihe 0XYDE is fuſible by borax, ſoluble by muriatic 
and nitric acids, more copiouſly ſoluble by ſulphuric acid, 
little ſubject to the reaction of Oxymuriatic or Nitro-mu- 
riatic acid, uncombinable with ſulphur or with fixed al- 
kalis. Pruſſiate of potaſh gives a deep- green precipitate 
from its ſulphuric ſolution ; gallate of potaſh, an orange 
precipitate ; carbonate of potaſh or ſoda, a white precipi- 
tate. The addition of a proper flux might probably 
reduce this pure ox VDE to the metallic form. 


Ster. XX. 
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SECTION TWENTY-FIRST. 


TITANITE. 


I. 


500. A. Rnon1Tz, according to Baron BoRN; according 
er, xX Ito others, at Bol ix, in Hungary; is found a peculiar 
Origin of ſubſtance, which was formerly called Red Shorl, but which 


Titanite. 


. de indefatigable KL AT ROT RH has lately diſcovered to be 
of a metallic nature. 
2. It occurs in right-angled, EN FOR Bs priſms, Jongite- 
Ta. dinally freaked or furrowed, nearly half an inch in length, 
often circular, depoſited between layers of ſchiſtoſe mica 
and quartz. It is opake, of an imperfe& luſtre, of a fo- 
liated, uneven, conchoidal fracture. In powder, its co- 
lour is of a brick or orange red. It is hard and brittle. 
Its ſpecific gravity is 4,18. In a clay crucible, it re- 
mains unaltered by the heat of a porcelain furnace ; and 
only becomes ſomewhat browner in colour. In a coal 
crucible, by the ſame heat ; it burſts into angular frag- 
ments, loſes its luſtre and colour, and becomes pale brown. 
With borax, it melts into a hyacinth-coloured bead; 
with ſoda, into a whitiſh red bead, 200 grains of this 
mineral, with 5 times the weight of carbonate of potaſh, 
being melted in a porcelain crucible, formed, when cold, 
a denſe greyiſh white maſh, the ſurface of which exhi- 
\ bited acicular cryſtals ; and its fracture was fibrous. By ſo- 
lution in boiling water, it yields a white precipitate, which, 
when edulcorated and gently dried, was found to weigh 
328 grains, and to preſent the appearance of a looſe earth. 
This 


- Titanite, and its Compounds. 


Acid, afforded an Argillo-Siliceous mixture of about 8 
grains, which might be from the crucible. 
The OxyDE oF TITANITE is ſoluble in the Sulphu- 


ric, the Nitric, and the Muriatic Acids. In the Nitric lu 


Solution alone does it exhibit cryſtals by ſpontaneous eva- 
poration. ' The Sulphuric and the Muriatic Solutions of 
this Oxyde form only a clammy maſs ; which KLAP- 
ROTH aſcribes to the preſence of filiceous earth. Am- 
moniac, pure, precipitates from theſe ſolutions, the Oxyde, 
in light, white woolly flakes. Carbonate of potaſh pro- 
duces from them, a ſimilar precipitate. Their precipi- 
tate by pruſſiate of potaſh, is of a browniſh green colour. 
The precipitate by gallate of potaſh, is of a browniſh red 
colour. Tin gives a blueiſh red colour to the Muriatic 
Solution; Zinc gives it an indigo blue colour, —and with 
heat, a white precipitate. It ſhould ſeem, that Red is the 
genuine metallic colour of Titanite.—This OxYDE is 
not reducible by any of the uſual methods.— 

A Calcareo-filiceous Ore of TITAN ITE has been 
found near Paſſau in Hungary. 
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This is the TiTANITIC OxVD E. The alkaline liquid zoox vit 


ſupernatant, being afterwards ſaturated with Muriatic ****- XXI 
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General Refleftions on the Metals. 


| SECTION TWENTY-SECOND. 


GENERAL REFLECTIONS ON THE METALS, 


| 22 12 firſt thing that particularly ſuggeſts itſelf to us, in 
0 I 


— 


onſidering the general character and reſemblances of the 


foregoing metals —is— their being diſtinguiſhed by ma/- 
leability and metallic luſtre, from the other ſolid and /impl: 


tallicLuſre, bodies among which they are intermingled. The earths 


and alkalis differ from the metals, chiefly by the want of 
theſe two qualities. In the metals, the force of coheſion 
is ſtronger and more tenacious than in other ſubſtances, 


| Thoſe ' ſtones which are the moſt refractorily hard, are 


often found to poſſeſs metallic matters in their compoſi- 
tion. Malleability implies a coheſion of parts ſtronger 
than that of mere, brittle hardneſs. The metals are by 
means of this quality, the principal agents in all merely 
mechanical combinations on the face of the globe. Their 


metallic brilliancy diſtinguithes them eminently among 


other ſubſtances. But for them, light could not well be 


reflected. 


2, 
Diffuſion. 


II. TIhe next things which ſeem to deſerve our parti- 
cular regard, concerning metals in general, —are- the 
univerſality, and the various modes, of their diffuſion. 
They are ſcattered throughout every region of the habit- 
able earth. Their proper ſituations may be in veins in 


its bowels. But, they appear, alſo, irregularly diſperſed 


near its ſurface. They intermingle themſelves in the com- 


e of all other foſſils. They enter into the organi- 


zation 
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zation of vegetables. Even from the firaivberry, ron BOOKVIT 
has been extracted. Gold is obtained from vegetable. 
aſhes. They mingle with the nutriment of animals. 
Notwithſtanding their coheſive tenacity ; they are ſuſ- 
ceptible of an alteration and comminution, in which 
they may be ſuſpended in water, and even in air. Iron 
in particular, enters into all things, as a principle of co- 
heſion, and of energy. If metals form the ſmalleſt part 
of the ſolid matters at the ſurface of the earth; they 
are, however, diffuſed in the greateſt diverſity of modes. h 

III. They are, all, remarkable, as exiſting, particu- 3 . 
larly, in two different ſtates. They either appear in a Oxydated. 
perfect metallic form or in the combination of Oxydes. 

Thoſe are the moſt precious, and the rareſt, which the 
moſt tenaciouſly retain their metallic properties. Of 
thoſe which are the eaſieſt oxydable, ſome, ſuch as 
iron, lead, and mercury, are very extenſively diffuſed 
throughout Nature. Metallic ſubſtances in general, ap- 
pear, naturally, in a greater proportion, as oxydes, than 
in the true metallic form. It is in the form of oxydes 
that they become the moſt uſetul as colouring ſubſtances 
and as medicines, as well as enter into all their more in- 
timate combinations with other bodies. As metals, they 
are much more averſe from the intimacy. of chemical 
combination. They mingle, contaminate, aſſociate, in 
their metallic form, much more readily than combine. 
They are, for the greater part, ayerſe to an intimate union 
with acids, unleſs when they are previouſly oxydated. 
Some of them are even bxydable to ſuch a degree, as to 
become abſolutely acids, in their higheſt ſtate of oxyd- 


ation, 
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366 General RefleBions on the Marali. 
BOOKVIT I. Another property of metals deſerves more parti. 


Szc, XXII 
w——  /Ccular attention than it has hitherto obtained. This is 


4+, their remarkable power of aCting as colouring matters, 


— It depends in a very conſiderable degree, on the ſimplicity 


and the fixity of their nature. They are not to be de. 
compoſed ; they do not aſſume the evaneſcent form of 
elaſtic fluids. It depends, alſo, upon their adheſive tena- 
city. Where you fix their particles, there, theſe par-. 
ticles tend to remain. It is, however, chiefly as oxydes 
that they become colouring matters : For, they cannot, in 
their metallic form, be ſufficiently attenuated, nor be 
brought, ſufficiently, into artificial union with the ſub- 
ſtances to be coloured. Oxygen affimilates them ſome- 
what more to thoſe gaſifiable bodies from which their na- 
| tural ſolidity ſo remarkably diſtinguiſhes them. Mat 
are their relations to light 
* V. Their ſpecific gravities are highly worthy of atten- 
— tion. They are the denſeſt and heavieſt of bodies. Be- 
ing leſs under the influence of the attractions of chemiſtry 
than moſt other bodies; they ſeem, however, to feel, 
more powerfully, the influence of mechanical and aggre- 
gative attraction or gravitation. 
Allizace VI. Their ready alliance with ſulphur is one of their 
with Sul- moſt remarkable qualities. In almoſt every aſſemblage of 
minerals, one or more of the metals are mineralized by 
ſulphur. This grand agent in the mineral kingdom, com- 
bines alike with metals, with alkalis, with earths, —if we 
take both the ſimple, combuſtible ſubſtance and its acid 
= Into our account. 
vale VII. Their utility to human life, is highly remarkable, 
© Medicine, painting, dycing derive from them, their mol: 
valuable 


” PI E q 
8 = 
* — . ikke rr e 3 2 TIER 
0 


f 


General Reflections on the Metals. 369 


valuable materials. The mechanic Arts cannot exiſt with- 1 
out them, Strip our houſes of the metallic parts of their www 
ornament and furniture, how little beauty or utility 
would remain? What tonic remedy is comparable to iron, 
in whatever form it be adminiſtered? Is it not remarkable, 
that iron, the moſt ſalutary to the animal ceconomy, and 
the moſt uſeful in the Arts, of all the metals, ſhould be 
the moſt abundant, and that which the moſt eaſily aſſumes 
a great variety of forms and combinations ? - 
VIII. When Chemiſtry ſhall have been farther im- 8. 
proved ; is it not probable, that all the different ſimple me- Nat —_ 


tals may be reduced to a fingle, metallic principle ? 


END OF THE SEVENTH BOOK, 
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ELEMENTS or CHEMISTRY. 


—T 


BOOK EIGHTH. 


OF SOME REMARKABLE COMPOUNDS, WHICH, HAVING 
BEEN FORMEKLY CONSIDERED AS SIMPLE, CAN 
BE LESS CONVENIENTLY DESCRIBED UNDER 
THE HEADS OF THEIR RESPECTIVE COM. 
PONENT PRINCIPLES, THAN IN SE- 
PARATE ARTICLES. 


_ — 


SECTION FIRST, 


OF DIAMOND, 


Dianoun is one of a number of ſubſtances, which, Boox VIII 


Ster. I. 


though not ſimple, or at leaſt not ſeculiar, it has appeared. , 


moſt convenient, to introduce, in violation of the general . 
principle of arrangement in this work, as the W of ray one 


ſo many diſtinct articles. liar ſub- 


mas bai e e mal e eee 
Different 


ſceptible of being purified, wrought, and put into new,, metal. 
combinations for uſe, by the operations of Art. It is lic Ores. 
found in Nature, pure, and in the only ſtate in which it 
can be applied to human purpoſes. 

It is the moſt tranſparent of minerals; fo remarkably 
the hardeſt of all bodies *, as to be incapable of being cut det. 


* Except, perhaps, Adamantine Spar. 5 | 
Aa 2 | by 
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Boox VIII. 
Sscr. 1. 


———— 


4. 
Places 


where it is 
found, &c, 


% 


Of Diamond. | 


by any other means, ſave the friftion of one diamond 
againſt another; ſo refringent of light, and fo capable of 
decompoſing it, that from this quality alone, NEwTon 
conjectured it to be highly combuſtible ; naturally exiſting 
in oftohcedral, duodecahcedral, &c. cryſtallizations ; redu- 
cible to vapour, by a combuſtion, in which it burns with 
a perceptible flame. There is, in different diamonds, a con- 
ſiderable diverſification of theſe qualities. 

The kingdoms of Golconda and Viſapour in the Eaſt, 
and the Portugueſe poſſeſſions of Brazil in South America, 
are the only regions known to afford DiaMmonDs. The 
Portugneſe or Brazilian, are, in commercial eſtimation, 


inferior to the Oriental DiamonDs. They are found, 
- ſometimes in the beds of rivers ; but, moſt uſually, in an 
| ochraceous earth, under rocks of gritſtone and quartz, 


When taken out of the mine, they are incruſted with an 


exterior, earthy covering, and under it, with another which 


is of the ſame nature as calcareous ſpar. Theſe D14- 
MoNDs, though commonly in cryſtalized forms, diſplay, 
ſometimes, greater irregularity of ſhape, and are occaſi- 
onally, either flat or round. They appear to conſiſt of 
laminz diſpoſed one over another. They are eaſily ſplit 
with an inſtrument of well-tempered ſteel. Some D14a- 
MonDs diſplay rather the ſtructure of interwoven fibres: 


| And theſe exceed the others, greatly, in hardneſs. They 


cannot be cut and poliſhed ; and are, therefore, called by 
the Lapidaries, NATURAL DiaMonDs. It is the re- 


fringent power of the DiaMonD, which makes it fo 


Jays. The ſpecific gravity of the pure, colourleſs diamond, 


ſplendid an ornament in dreſs. So ſtrongly is light refracted 
between its luminz, that, when its ſides are multiplied by 
cutting, each fide or facet, exhibits a ſheaf of very brilliant 


15 


A 


is to that of water, as 35,212 to 10,000. A cubig foot of Foos VI 


er; 1. 


the famous PIT T DiaMonD, would weigh two hundred 3 
and forty-ſix pounds, ſeven ounces, five drachms, and fixty- 
nine grains, French weight. A great quantity of diamonds, 
have been, at different times, imported into Kurope. In the 
Brazils, it is ſuppoſed, that they might be obtained in grea- 
ter quantities than at preſent, if the ſufficient working of 
the DIAMOND mines, were not prohibited, in order to 
prevent that diminution of their commercial value, which 


a greater abundance of them might occaſion. 


A variety of attempts were long fruitleſsly made, wid 6 
compoſe DiaMmonD, by combuſtion, or otherwiſe. — od 
BoYLE .diſcovered, that it was alterable, at leaſt to Diamond. 
certain degree, by fire; and that, when violently heated, it 
gave out acrid vapours. ſervations 
The Emperor FRAN IS the Firſt, at great expence, di- as 
rected ſome important experiments to be made on the com- Experi- 
buſtibility of Diamond. DI1aMoNDs and rubies, to La 


the value of ſix thouſand florins, were expoſed in cruci- or Von. 


bles, for the ſpace of four and twenty hours, to a ſtrong 
reverberatory heat. The DI1aMoNDs diſappeared: the rubies 
ſuffered no change. A repetition of theſe experiments 
fully proved, that DiA Mx oxp under the action of Heat, 

was ſubject to loſe its ſmoothneſs and ſplendour, to fall 
away in ſcales, and, at laſt, to diſappear, entirely, in 
vapour, 

By the command of the Great Duke of Tuſcany, Meſſrs. — 
AvERoON1 and 'TARGIONT, in the year 1694, expoſed e Tax, 
ſome DIAMONDS to the heat of Tichirnhauſen's mirrour. \ 

The DIAMoNnDs, in a few minutes, diſappeared. 


In 1772, the Pariſian chemiſts, D'ArcerT, Laraguais,, 2 


Aa3 DIAMOND, bits 
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Boyle 's ob- £5 


Cadet, Lavoifier, Mitouard, Macquer, &c. reſumed the rifan Os 
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Of Diamond. 


3 * DIAMOND, as 2 ſubject of philoſophical experiment, 
WY There was a diſpute concerning the combuſtibility of the 


10. 


By Mr. 


DIAMOND, between the jewellers and the chemiſts. The 
jewellers, in their expoſure of DiamonDs to intenſe heat, 


for the purpoſe of rendering them colourleſs, had never loſt 


any by vaporous diffipation. All chemical experience re- 
preſented the diamond as deſtructible by violent heat. A 
jeweller riſked a DIaMonD for a new experiment: And 
it was volatilized. Another jeweller riſked three diamonds, 
in a cement of pounded charcoal, filling the bowl of a to- 
bacco-pipe, over which was an iron-plate luted to it 
with founder's fand. On theſe DIA MonDs, the utmoſt in- 
tenſity of heat, could effect no change. The general re- 
ſults of the whole experiments which were, about this 
time, made by the French Chemiſts, evinced; that the 
DIAMOND was certainly decompoſable by heat; that, 
during its combuſtion, it was dilated at the ſurface, and 
ſwollen ſomewhat in the manner of bubbles, with the ex- 


| hibition of a blue lambent flame; that it was not, how- 
ever, combuſtible, more than any other body, without the 


preſence of air which ſhould furniſh oxygen, to combine 
with it; that the DiamonDs of the jewellers, had eſ- 
caped combuſtion, becauſe their cements 3 ex- 


cluded the preſence of air. 


On the 15th of December, 1796, Smithſon TENNANT, 


TIA NAT. Eſq. read before the Royal Society of London, an inge- 
nious paper, in which he related ; that in different experi- 
ments of the combuſtion of DIAMOND in contact with 
nitre, and free from the preſſure of any other extraneous | 
matter ; the DIAMOND had been conſumed, and the only 
product which could be attributed to it, was CARBONIC- 

ACID 
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AC1D-GAS nearly anſwering in quantity to the quantity ofBoox VIII. 
the DIAMOND burnt. n cc 

Mr. MoxveAu-GuyToN has, very recently, made a rr. 
much more complex ſeries of experiments on the D1a- Zz. 
MOND, with a peculiar apparatus. His general reſults Gro. 
are; that DIAMoND is Carbon in perfect purity ; that 
charcoal is an oxyde of DIAMoND ; that filumbago is an 
oxyde of DIAMoND, containing iron; that in Carbonic 
Acid, the oxygenation of DIA MoND, is, at laſt completed 
to acidity ; that in ſteel, there are particles of cryſtallized 
carbon, of the character of DiaMonD, which produce 
the luſtre it emits, when highly poliſhed. 
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2. 
Naphtha. 


SECTION SECOND. 


BITUMENS, 


Boox VII 163 and CARBON, with a contamination of 
A earth and other ſubſtances in ſmall proportions, enter toge- 


ther, into certain compounds known by the general name 
of BIT Tum xs, of which the ultimate nature was long 
unknown. Being compoſed of unoxygenated principles, 
which have a much ſtronger tendency to combine with 
oxygen, that to remain in mutual union; they are, of courſe, 
highly combuſtible. Though more than ſuſpected to be 
of vegetable origin; they are always found in a fluid or a 
foſſil ſtate, The following are their principal ſpecies. 

I, NAPHTHA, a ſubſtance which exſudes from the 
rocks and clays in Perſia and Sicily; and is found, alſo, in 


different paris of Italy, Its colour is a white, often yel- 


lowiſh. It is fluid and tranſparent, like water ; of a keen 
and penetrating, though not a diſagreeable ſmell ; unctuous 
to the finger; and of an inflammability which kindles at 
the approach of flame, and leaves, after burning with a 


light, lambent flame, little or no reſidue. Its ſpecific gra- 


; vity is not more than ,708 ; being, when the NArHTUA 
is in its utmoſt purity, about one-ſeventh leſs than that of 


reCtified ſpirit of wine. It is not congealed at the tempe- 
rature O0 of Fahrenheit's thermometer; it is thickened 
but not inflamed by concentrated nitric acid; it is in- 
ſoluble in ſpirit of wine : in diſtillation, it paſſes entirely, 
without change. —It ſeems to bez in its pureſt fate, a com- 

Aa- pound 


pound of hydrogen and carbon ſolely : Its :aſpiſſation by Bo 11. 


the nitric acid is probably owing to the attraction of 13 5 
quantity of oxygen inſufficient for its combuſtion with 
fame : In combuſtion its two principles are diſſolved by 
oxygenation, into water and carbonic-acid. There may, 
perhaps, be a formation of water in a pail een, 
' when it comes into contact with Nitric Acid. 

II. PETROLEUM is a mineral oil found near yolca- 
noes, in the vicinity of coal-mines, in ſprings, or floating 
on the ſurface of ſprings of water contiguous to volcanaes. 
ks fmell is more difagreeable than that of Naphtha : Its co- 
lour is reddiſh or yellowiſh : It is very imperfectly tranſ- 
parent: It is leſs fluid than naphtha, and leſs inſſammable; 
its ſpecific gravity is 0,8783. Diſtillation with clay, clears 
its colour. By inflammation, this ſubſtance affords 2 
ſoot, and leaves a {mall portion of carbonaceous reſidue. 
Ats component parts are probably hydrogen and carbon 
in perſect combination, together with an addition of car- 
bonic acid, and perhaps alſo a portion of uncombined 
carbon, or a contamination of ſome earth. — It is contained, 
in ſmaller or greater quantities, in various ſtanes, ſuch as 
the Black Lime/tones of Seefield in Tyrol, the Bituminous 
Shale, &c. In Scotland, it is aften to be gbſerved on 
ſtagnant water in peat-bogs : And to theſe it cargmunicates 
all the colours of the rainbow. It is found, likewiſe, in 
Germany, Hungary, Poland, Switzerland, and an the 
South of France. 1 

III. ASPHALTES or BIT UMEN JUDAICUM-4S a fub- | 4- 
ſtance of the fame. general character. It floats Ou the lake 
Aiphaltites af Judæa: Mr. Palias found it in Springs on 
the banks of the river Sock in Pruſſia. It exiſts, in the 
greateſt abundance, in the iſland of Trinidad. The aſphaltes 
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Bitumens. 


_ virs of commerce, comes from the mines of Aunemore, and 


yp from the principality of Neufchatel. 


It is black or greyiſh in its colour, brilliant, hard, very 
brittle, without ſmell—except under friction, in ſpecific 
gravity, according to KIRwAN, from 1,07 to 1,65, If 
heated; it melts, bubbles up, is inflamed, and burns away 
with an acid, diſagreeable ſmoke. It affords, by diſtilla- 
tion, an oil ſimilar to petroleum. It requires to its com- 
buſtion, a ſtronger heat than either of the two preceding 
ſpecies ; but leaves little or no reſidue. It is, evidently, a 
conſiderably pure combination of hydrogen with carbon, 
in which the hydrogen predominates, and into which there 
may perhaps enter a proportion of Carbonic Acid. It is 
uſed by the Indians and the Arabians, ' inſtead of tar; and 


It is a component part in Chineſe varniſh, 


IV. MALTHA is a matter of the ſame ſort; of a 
duſky red colour; without tranſparency or luſtre ; rough 
to the finger ; of moderate hardneſs, and ſomewhat brittle; 


| of tha ſpecific gravity of 2,070 ; burns on a white hot 


iron, with a ſtrong ſmell ; may be poliſhed by cutting ; 
gives a grey ſtreak, when ſcratched ; and does not ſtain 
the fingers. It is a compound of real bitumen—the union 
of carbon and hydrogen, with calcareous matter, in the 
proportion of about one-ſixth part of the former to five- 
ſixths of the latter. 

The Conasive MINERAL PITCH of KikRwax, is a 
variety of this ſpecies. Its ſpecific gravity is from 1,45 
to 2,06,—at leaſt as nearly, as can be aſcertained. - Its 


colour is a blackiſh brown. It leaves no coal, when 


burnt, ſave ſome grey aſhes. It is, like Maliha, an im- 
| v 


Bitumens. 
V. MINERAL Tina TatLow—Mixe-Boot vir 


KAL CanouTCHou,—are different bituminous - ſub- . 


ſtances, not without the contamination and 1 intermixture 
of other matters. 
MINERAL TAR is a petroleum altered by expoſure to 


the air. It is black or of a duſky red colour; glutinous, 


and of the conſiſtency of pitch ; ſometimes of but a very 
faint ſmell, ſometimes ſtrongly and diſagreeably odorous. 
In the air, it becomes viſcid, and, as is ſaid, lighter. Its 
ſpecihc gravity is 1,1. It is found at Lamper/loch, near 
Straſburgh, in mixture with ſand, from which heating in 
water eaſily detaches it. It is alſo to be met with in many 
other parts of Europe, Aſia, and America. 

Mineral Tallow is a ſubſtance rarely found in Na- 


ture It was, firſt, diſcovered, in the year 1736, by 


ſome peaſants on the coaſt of Finland. It has been ſince 
met with on a certain lake in Sweden ; and in the water 
of a fountain near Straſburgh. It is of the conſiſtency of 
tallow ; white ; greaſy to the touch ; apt to ſtain paper, 
like tallow, with traces which are melted by the approach 
of flame. It burns with a blue flame, and much ſmoke ; 
leaving a coaly reſidue. Its ſpecific gravity is 0,770, more 
than one-fifth part leſs than that of common tallow. It 
is brittle. It may perhaps contain azote or nitrogen, in 
combination with carbon, not without the -preſence of 
hydrogen, and with a contamination of other matters. 


MinERAL CAHOUTCHOU is a matter that has been 


found near Caſtletown, in Derbyſhire. It is brown; ex- 
ternally ſoft, flexible, elaſtic ; internally, in part, hard, 
brittle, and of a greeniſh yellow colour. It is thus com- 
poſed of two different parts of diſtinct characters; and 
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380 Bitymens: 
KL vill theſe, though commonly united, appear ſometimes ſepa. 
. . By diſtillation, theſe parts, which ſeem to have the 


TY component principles, yield an oil ande! in ſpirit 
of wine, with a carbonaceous reſidue. 
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SECTION THIRD. 
MINERAL COAL. 


M | 1 U k I i it 8 111 
1 — ECT, * 


ternal appearance, and its important uſes. It is not how- . 
ever, in general, pure Carbon, — but Carbon combined, or — 
at leaſt mixed with bitumen and other matters. The fol- 1 
lowing are the moſt remarkable ſorts of mineral coal, 

known in Britain and Ireland, and on the Continent of 
Europe. | | 

I. There is one ſpecies, indeed, of MiNERAL Coal, 2. 
which, with the exterior characters of pit-coal, poſſeſſes — 7 2 
the chemical properties of charcoal, and is, as it ſhould 

ſeem, Carbon in extraordinary purity. It is of a black 

or greyiſh black. colour; of a luſtre approaching to 

the metallic; foliated or flaty in its fracture, —and in its 

croſs- fracture,  conchoidal ; brittle, and moderately hard; | 

apt to ſtain the fingers ; in its ſpecific gravity, from 1,4 

to 1,53, It has been found near STR1Do in the territory 

of Florence, and in extenſive ſtrata, at Liſchwiſz in Ger- 
many. Expoſed to intenſe heat, in a crucible, it- burns 

faintly with a blueiſh lambent flame. By a porcelain heat, / 

acting upon it for ſeveral hours, in a cloſed crucible, it is 
entirely, or almoſt entirely evaporated, like the diamond. 

Under a muffle, too, it is almoſt entirely conſumed, It 
yields by diſtillation, a ſmall portion of water, but no other 
product, liquid or ſolid, It ſeems to contain à ſmall por- 


ES. 


Cage RN ly ( 
. deer 


£4. cars s! 
NN 
* * Py % 


. nr 
1 , p : 2 — 1 2 2 
0 if \ 1 „ . 4 C 0 4 = 


== 
2 


x; D ea 
I © «8 ae <> ew 8 <2» 


So, 


, - 3 


— 


* 
a 


i.e. AS. 7 — 
L 4,» FN 
4 : 2 S A a 


* 
a 


6. ; 
SN "4 . 
Py 1 89 *% 4 — 
0 3 $7 4 
"= * 4 
& 


as «tf * 
+ _ 


2 
* 
— 


— 


OO —_ 
3 
_ 4 


LIED 
* 


n 


% + '® a"; 


* 
, 
* * 


Re noe t 8 1 IE; 


0.4 


s ** 
2 
- 


_ * 


— OI I Tit gs m 


Pan — 


— 5 —— 
N * 
— 


— — wx 2 —_ EE 
1 
— — * . 
” 
- 


SSE 


I 


3 Mineral Coal. 


Boox VITTtion of hydrogen in union with its carbon: 1 


i ſomed by the oxygenation of the hydrogen. 


II. KriiLkenny-CoAL is, in its nature, nearly allied to 
the Native Mineral Carbon, that has juſt been deſcribed, 
Its colour i is black or violet; its luſtre, metallic; its frac- 
ture, foliated. It is conſiderably hard ; and its ſpecific gra- 
vity is 1,526. When wholly ignited, and not ſooner, it 
burns—without flame or ſmoke. Its chemical analyſis 
proves it to contain 97,3 of carbon, —3,7 of earthy matter, 
without any intermixture of bitumen, 

The Culm of Wales, the fhining black ſcales of the 
earth of New South Wales, and the matter which is called 

- ſmut, appear to be of a character nearly ſimilar. 
; III. The Coal of Ayrſhire in Scotland, there called 

Hence SpLENT-COAL, It is of a greyiſh black colour ; of a 
fracture partly ſlaty, and in part, imperfectly canchoidal, 
brittle, and conſiderably hard. 100 parts of it were found, 
by an analyſis that does not ſeem to have been very- accu- 
rate, to contain 47,6 of pure carbon, 31,6 of maltha, and 

20,8 of earth or earth and metallic oxyde. There is cer. 
tainly, alſo a contamination of ſulphur among its compo- 

Canne} co nent parts. "This has been called, alſo, SLATY CANNEL 
CoaL. 

— a There is a ComyacT CANNEL Col, not very Ai. 
ſimilar in its character. It is black, hard, in ſpecific gra- 
vity from 1,232 to 1,273, apt to kindle without melting, 
and to burn with a large and bright, but not durable flamy. 
Its compoſition is, for 100 parts, 75,2 of Carbon, 21,68 
of maltha, 3,1 of argillaceous aſhes. f | 

5 IV. The common MINERAL CoAL from Wulxrz- 
Wy HAVEN, NEWCASTLE, Wiggan and Swanſea, in Eng- 
land, from Leitrim i in Ireland, from Irwine, Dalkeith, and 

Queensferry 


Kilkenny 


$ 
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Queensferryin Scotland, contains pſually—carbon in the pro- 1 
portion of from nearly three to nearly four gifili, bitumen 
in the proportion of from ſomewhat more than one to two 
fifths, and earthy matter or metallic oxyde in ſome trivial 
proportion, The coals of Halles, 7 udertino, Cortolla, 
and Macinaia in Italy, are of a compoſition nearly 
ſimilar. | 

V. There is alſo a Mineral! Coal which conſiſts of a . 95 
notable impregnation of flony matter, joined to ſmaller 
proportions of carbon and bitumen, than exiſt in other pit- 
coals. Of this fort are, - the calcareous coal of Alates, 
of which Buro relates, that it is often burnt for the 
ſake of its lime; the Anthracolite which afforded to Sage, 
by long and intenſe ignition, a reſidue of 35 per Cent. of 
llaty particles; the ſtony coal of Macinaia, and that of PEG 
Mocaio in Italy; the Gue/?-Coal of the ſtrata in the vici- 
nity of Edinburgh. | f 

VI. There are, alſo, carbonaceous minerals, which bear, 2 
very remarkably, the appearance of a vegetable origin. 

Such is the LiGNIFORM, CARBONATED Woop of 
Iceland, of which the original name is Suturbrand. It is 
of a brown or blueiſh colour ; flattened in its figure ; of 
an even or fibrous fracture; exhibiting all the organic 
ſtructure of wood, ſometimes not without bark and 
branches. It is, at times, interſected by veins of quartz. 
It burns with a diſagreeable ſmell, and much more faintly 
than common pit-coal. It affords, when burnt, 42 per 
Cent. of Carbon. | 

Of a ſimilar vegetable origin, is a SCALY, or EARTHY 
Co mentioned in the Journal of Rozier, by FABRLONI, 
and by KI RwAx. It is compoſed of lamelle which, 
when moiſt, are flexible, and in ſome degree elaſtic. Its 
colour is brown, blackiſh, or red. It is unuſually hard; 

though 
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3 1. | Mineral Coal. | 
NT ſometimes of a looſe earthy eonſiſteney. ſt 
w—— burns with an offenſive ſmell ; and moulders away, in ex. 
BaveyCoa:;poſure to the air. | | Sp” 
3no. 5 , | x | 
The Bovty Coat or the P1t.1cy0 of the Italians, is 
alſo, of evident vegetable origin. It is, in its fracture, fi- 
brous, lamellated, or even, ſometimes conchoidal, often 
in the whole ſlaty: It is of conſiderable hardneſs : Its 
ſpecific gravity is from 1,4 to 1,558; It burns with a faint, 
creeping, blueiſh flame, and an offenſive ſmell. Its fibrous 
ſtructure was diſcovered by its ebullition in diluted Nitric 
Acid. It contains, often, pyrites, with ſulphates of iron 
and alum. Its proportion of pure Carbon, is from 54 to 75 
per Cent. - 4s 5 
VII. PEAT and Tur are alſo carbonaceous matters, 
of which the general character reſembles that of the ſub- 
= N ſtances above deſcribed. | 
| The name of PEAT may be appropriated to denote that 
pure, combuſtible, black, earthy matter of the moraſſes 
of Scotland, Ireland, and other countries, which is cut or 
' baked by the common people into parallelogrammatie 
pieces of larger or ſmaller ſize, to which they give the 
name of Peats, When dried, it is hard, black, light, 
ready to burn with the vivid flame and the ſtrong, agree: 
able heat of the belt pit-coal. It leaves but an inconſi- 
derable proportion of aſhes, conſiſting of iron, ſulpbur, and 
argillaceous earth. It contains probably a large proportion 
of hydrogen in union with pure carbon, a ſmaller quan- 
tity of uncombined carbon, with a proportion of nitrate 
of potaſh, ſulphur, earth, and perhaps phoſphore. It has 
its origin, at leaſt in peat, from the decay of ligneous ve- 
getables, which is, however, prevented from becoming 
total, by the hydro-carbonous compounds, acid and bitu- 
minous, which are formed, while it goes on. Grainineous 
| plö&hants, 


Peat and Turf. 


388 


plants, in their decay, are alſo, no doubt, capable of Boox Vin 


contributing to the formation of this matter; but not in 
ſo large a proportion; — for containing leſs of carbon, 
than the ligneous. they ſuffer their water to eſcape more 
entirely by - evaporation, and conſequently cannot give 
ſo great a quantity of hydrocarbonous product. 

There is another ſpecies of this ſubſtance, which may 


be named TURF, It is ſpongy and porous, light, ea ſily 


infammable, full of moraſs- plants of which the organi- 


zation is ſtill entire, and apt to afford by combuſtion, a 


conſiderable quantity of ſulphurated aſhes. It is probable, 
that this ſubſtance owes its formation, more to the Hydro- 
carbonous acids, than to the bituyginous hydro-carbones ; 
while the bitumens may be the firincipal ingredients of the 
feat. It contains alſo carbon, ſulphur, and nitrate of 
potaſh, perhaps, alſo, phoſphore, certainly earth and iron. 

In the ſtrata of PEAT and Tur, are often found 
large trunks of trees, animal remains, and productions 
of human Art,.in a ſtate of entire preſervation. Empy- 
reumatic Acids are formed, during the combuſtion of Tuxr 
and PEAT. | 

That bitumen which has been deſcribed under the name 
of Malthyy exiſts, in a large proportion in ſeveral of 
the above ſpecies of Coals. It is obtained from them by 
diſtillation. They afford, at the ſame time, gas-ammo- 
niac. This gas mult ariſe, either—from the decompoſition 


of ſome hydro-azot-carbonous compound in the coal, of 


which the preſence has not yet been detected. from the 
preſence of ſome ſmall portion of nitrate of potaſh in 
it—or from a new combination of the diſengaged hydro- 
gen wich the azote of the atmoſphere. The Earl of 
DuNDONALD's eſtabliſhments for the extraction of the 
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386 Peat and Turf. 
= A Mattha and animexiac from pit-coals by diſtillation, 15 
ven . failed, only becauſe Artiſan- experience was wanted to 
2"9* ain them more completely ſucceſsful. . The Prince of 
Naſſau-Saarbruck, M. Sage, and M. Faujas St. Fond have 


alſo tried the ſame manufacture. The reſidue contains 
always ſulphureous ſalts. 


SECTION 


Bituminous Matter, &c. 


SECTION FOURTH. 


SUBSTANCES IN WHICH THE BITUMIDOUS MATTER 
IS IN COMBINATION WITH AN ACID, 


I. Aus is a ſubſtance of a yellow colour, or ſome- {ava VIII 
times brown; exiſting in imegular fragments of a ſcaly — 


ſtructure; tranſparent or opake ; in ſpecific gravity from 
1,078 to 1,085; ſuſceptible of a fine poliſh ; and poſſeſſ- 


ing an electrie virtue, which it readily diſplays by friction; 


hard but brittle and friable, apt to diffuſe by pulverization, 
an agreeable ſmell ; containing, occaſionally, in its maſſes, 
the bodies of inſects in a ſtate of preſervation. 

It is found, at various depths, buried in the earth, under 
coloured ſand, and on beds of pyritous earth, having 
above it, wood which contains a black bituminous matter. 
It floats, alſo, on the ſea-coaſt. It is found on the North- 
Eaſt coaſts of Scotland, on the ſhores of the Baltic, in 
Ducal Pruſſia, in the hills of Provence near Siſteron, in 
the Marquiſate of Ancona and the Duchy of Spoletto in 
Italy, in Sicily, Poland, Sweden, and other countries. It 
occurs under many diverſities of colour and form. But its 


general appearance is ſuch as has been above deſcribed. - 


That which is tranſparent and golden coloured, is valued 
the moſt highly. The true origin of this ſubſtance hasnever 
yet been ſatisfaQorily explained; nor has even any theory 


ſo plauſible as to deſerve our particular T 


duced concerning it. | 
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Bituminous Matter is in 


Boox VIIT A conſiderable intenſity of Heat is requiſite to reduce 
LOR AMBER into a ſtate of liquefaction. While expoſed to 
Analyſis or heat, it becomes ſoft, ſwells, bubbles up, if in contact 


Amber. with air—is apt to take fire, burns with a yellowiſh 


. 
* 


flame —which is however variegated with green and red, 
leaves after its combuſtion, a ſparkling coal, the incinera- 
tion of which gives a very ſmall quantity of brown earth. 
— The diſtillation of AMBER affords an acid phlegm, a 

volatile acid ſalt which cryſtallizes in the neck of the re- 


' tort, and a reſidual black bituminous maſs of a brittle con- 


ſiſtency. 
The reſult of the mo accurate chemical analyſis of 


Tts.comp®- Amber has proved its acid to be that peculiar acid with a 


4+ 
Its uſes, 


compound baſe, which has been deſcribed under the appel- 
lation of the sVccinic Acip.—lts remaining part is 
oleaginous or bituminous. 

AMBER, its Acid, and its oil are adminiſtered in vari- 
ous preparations, as a ſtimulative medicine. It is cut and 
poliſhed into toys, ſnuff- boxes, bracelets, necklaces, heads 
of -. canes, &c. Thoſe pieces of AMBER which are 
highly tranſparent, may be uſed for microſcopes, burning- 
glaiſes, priſms, &c. The late Frederic the Second, the 
great King of Pruſſia, is ſaid to have had an ABER 
burning mirrour which was a foot in diameter. In the 
cabinet of the Grand Duke of Tuſcany, there is ſaid to 
be a column of Amber ten feet high, of a very brilliant 
and beautiful luſtre. Two pieces of AMBER, if dipped 
in a ſolution of potaſh, may then be permanently joined 
into one. Anciently, when diamonds and precious ſtones 


were more rare, AMBER was much more highly valued 


than at preſent. | 
| * | | I. 


Combination with an Acid. 

II. Jer a pure black ſubſtance, of conſiderable luſtre, Bon qv 
but without tranſparency, is found in the county of Foix, 
and in Provence, at Beleſtat on the Pyrenees, in Sweden, 
in Germany, and in Ireland. Its quarries are in ſtrata; 
Pyrites, pit-coal, and other bitumens are aſſociated with 
it. It is hard, brilliant and vitreous in its fracture, liable 
to be excited to electricity by friction, ſuſceptible of a fine 
poliſh. Its ſpecific gravity varies in different pieces ; in 
one, it was 1,259 ; it is, in others, 1,744; and ſome ſpe- 
cimens float upon water. It burns with a greeniſh flame. 
May it not be bitumen in union with a very ſmall-propor- 
tion of acid? 

III. AMBERGRIs and CoPAL are two ſubſtances, 
which, though not properly of mineral origin, yet greatly 
reſemble the modifications and combinations of the bitu- 
mens. | a | : 
AMBERGRIS is a grey or yellowiſh brown matter, 
with black ſpots. It is found in the inteſtines of ſperma- 
ceti-whales in a ſtate of ſickneſs, or in ſmall rough lumps 
floating in the ſea. Its hardneſs and conſiſtency are the 
ſame as in wax; its fracture is earthy ; and it general'y con- 
tains bones of fiſhes, or beaks of birds. It is without 
taſte, but has, when heated, a ſtrong, agreeable ſmell. A 
gentle heat ſoftens it, as wax ; but, by a ſtrong heat, it is 
inflamed ; and it then burns away, if pure, without leav- 
ing a reſidue. Its diſtillation yields an acid phlegm, a 
volatile ſalt, an oil, and a black gliſtening reſidue; ſo 
that it may be regarded, as a fort of bitumino-animal 
matter, 

CoPAL is a ſubſtance of a yellow colour, faintly gliſ- 
tening, imperfectly tranſparent, conſiderably hard and 
N apt to break with a conchoidal fracture. Its ſpe- 
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SECTION 


ſragrance : 


romatic 


leaving a carbonaceous reſiduum. It often contains inſects. 


Bituminous Matter, c. 


Boon V111Cific gravity is from 1,04 to 1,062. It is taſteleſs, and 


It is of vegetable origin; and, as it ſhould ſeem, of an 


atido-biturnir ger. 


Sve r. IV. tile cold, inodorous. When heated, it burns with a 
yellow flame, a white ſmoke, an a 
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Compounds, component Principles of Vegetables. © + 391 


SECTION FIFTH: 


or THOSE PARTS WHICH, THOUGH THEMSELVES | 
COMPOUNDS, ARE CONSIDERED AS THE COMP0- 
NENT PRINCIPLES OF VEGETABLES, 4 


A VEGETABLE ſubſtances are compounds of calo- Boox VIII. 
ric, light, water, air, earths, alkalis, and metallic matters. S V+, 
But, the energies of vegetative life and organization ela- Enumera- 
borate theſe elements into a ſpecies of compounds, which 722 @7. the 
we in a conſiderable degree, ſimple in their form, and in- Principles 
timate in the union of their component parts, and whichbles, 
have been denominated the IMMEDIATE PRINCIPLES 
oF VEGETABLES, Theſe are Extract, Mucilage, Sugar, 

Eſſential Salt, Fixed Oil, Volatile Oil, Aroma, Camphor, 
Reſin, Balſam, Gum-Reſin, Feculum, Gluten, Colouring 
Matter, Gum Elaſtic, The Ligneous Part. 

I. EXTRACT is the firſt of theſe immediate principles «x, 
of Vegetables, The juices of plants, obtained from them, 
by mechanical preſſure, by the ſimple infuſion of the 
plant in a liquid, or by its decoction in boiling water; in- 
ſpiſſated; and at laſt evaporated to dryneſs; afford a dry, 
brown matter, lightly deliqueſcent in the air, and ſoluble 
in water, which is the ExTRAcT. This matter yields 
by diſtillation, an acid, a ſmall portion of ammoniac, 
and ſome oil. It abſorbs oxygen from the atmoſphere, 
and becomes gradually inſoluble, in conſequence of this 
abſorption. It has conſtantly a tendency to take up more 
han its firſt proportion of oxygen. Its component prin- 
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392 Compounds, component Principles of Vegetables. 
Bok VII, ciples are carbon, hydrogen, azote, and oxygen. The 


juices of acacia and hypociſtis, opium, liquorice-juice, 
the cachou, &c. are EXTRACTS. Their preparation is 
not difficult, and may be managed, either in the great 
way, for the purpoſes of extenſive commerce, or in ſmal- 
ler trials, Id | 

II. MUc1LAGE is another of theſe Immediate Prin- 


. ciples of Vegetables. It is viſcid and inſipid. It affords, 
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by diſtillation, —pyro-mucous acid, —a large proportion 
of water, —a ſmall portion of a brown, thick oil, —and a 
mixture of carbonic acid-gas with gas-hydrogen. It is 
ſoluble in water, whether hot or cold: it does not ab- 
ſorb oxygen from the atmoſphere: deſiccation gives it the 
hard and brittle form of Gu. It exiſts in the roots, in the 
tender twigs, in the leaves of plants. It is obtained by 
expreſſion, from the bark of trees. Their fibres are, during 
growth, connected by it. The roots of mallows, marſh- 
mallows, and comfrey, the bark of the elm- tree, the ſceds 
of flax and of quinces, &c. afford, by maceration in water, 
viſcous fluids, which evaporation dries and hardens into 
the ſtate of Gums. The gums of the plum, the peach, 
and the cherry-trce ; Gum-Arabic, Gum Senegal, Gum 
Adraganth, ſubſtances ſufficiently known in commerce, 
are, all, of this character and origin. Treated with 
Nitric Acid, mucilages and gums afford oxalic acid. 
III. SUGAR is well known, as an immediate principle 


1 Vegetables. It is very extenſively diffuſed throughout 


ee e ii A” . 
* 


1 SS 8 I 20361 


the vegetable kingdom. It is commonly obtained by preſ- 
ſure, and a ſubſequent proceſs of purification, from the 
Arundo Saccharifera, and by different proceſſes, from the 
juice of the maple-tree, and from the roots of the beet and 
the parſnip. It may be procured alſo from the 5 


\ 


4 


Compounds, component Principles of Vegetables. 393 
and from the nectaria of divers flowers. In its pure ſtate, 1 
SUGAR is of an agreeable poignant taſte, cryſtallizable, wh 
ſoluble, fermentible, and, but for its ſuſceptibility of 
fermentation; and its capacity of affording, by a proper 
treatment, alcohol, —in other reſpects, very little diffe- 
rent from mucilage. It is a compound of carbon, with 
hydrogen, and oxygen. It differs from mucilage in con- 
taining a ſmaller proportion of hydrogen, and in having 
no portion of azote in. its compoſition, It, therefore, 
neither attracts oxygen from the atmoſphere, nor yields 
ammoniac by diſtillation. It is one of the moſt common 
articles of uſe and luxury. In its ordinary ſtate, it uſually 
affords by decompoſition, in the retort, a reſidual coal 
which contains a ſmall portion of carbonate of potaſh : 
And the action of the fire forms from its principles, dur- 
ing the proceſs, a portion of pyro-mucous acid, and of em- 
pyreumatic oil, 'The proceſſes for the preparation of the 
SUGARS of commerce, will be, hereafter, more particularly 
detailed. 
IV. EssENTIAL SALT comprehends all thoſe vegetable 
acids which have been already enumerated and deſcribed, — 
the citric, the gallic, the malic, the benzoic, the tartareous, 
the oxalic, the camphoric, the pyrotartareous, the pyro- 
mucous, the pyroligneous, the acetic acids; ſo many 
compounds which have for their baſes, hydrogen and 
carbon united in-various modifications, and joined to the 
univerſal acidifier, oxygen. Theſe Acids are obtained, 
by diſtillation, from moſt other vegetable matters. They 
are decompoſable by fire, mutually ſuſceptible of conver- 
ſion into one another, and all reducible, in an ultimate 
analyſis, to water and carbonic acid. Altalis are alſo ob- 
tained from certain vegetables, as is well known, in par- 
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Compotends, component Principles of Vegetables. 


Book VIII. ticular circumſtances, Even neutral falts, formed by the 
2 combination of the alkalis with mineral acids, are obtained 


from a variety of vegetables. 
V. FixsD Ol is an immediate principle in the com- 


Fines Oil. poſition of many vegetables ; and may be obtained ſepa- 


rate, from them. It is thick, mild, inodorous. It burns, 
when reduced to volatilization, With the alkalis, it forms 
ſoaps. By the contact of air, and the abſorption of oxy- 
gen, it is thickened and concreteds Abſorbing oxygen, 
alſo, from the acids and the metallic oxydes, it fuffen 
from them, the ſame changes. It is eafily combuſtible; 
and, when burnt with a ſufficient quantity of air, tends | 
naturally to the production of water and carbonic acid. 
This laſt effect takes place, very remarkably, in hollow 
matches made with oil, in which the match is acted upon 
by an internal current of air, as well as by air environing 
it on all ſides. This oil is mixed with a mucilage which 


Scheele has called the Mild Principle of Oils. Its con- 


ſtituent elements are carbon, hydrogen, and a ſmall pro- 
portion of oxygen. It differs from the preceding vegeta- 
bles, as containing a larger proportion of oxygen. Theſe 
Tixed Oils are applied to a number of well known uſes 
in domeſtic ceconomy. A heat more intenſe than that of 
boiling water is requiſite to volatilize them; and it is only 


after being heated to volatility, that they take fire and burn. 


—They never flow from the ſurfaces of vegetables ; but, 
are contained in the kernels, the pippins, and the emul- 
five ſeeds. They are extracted by pounding and ſqueez- 
ing. In the air, they become rancid, and, indeed, undergo 
a general change of properties. By trituration with lime 


and ſoda, they afford a medicinal ſoap. They c combine 


with the weak acids, to form peculiar ſoaps. The fuming 
nitrous 


Compounds, component Principles of Vegetables. 


even inflames ſuch of them as are of a dry nature. The, 
muriatic and the carbonic acids act upon them with but 
little energy. Theſe oils diſſolve ſulphur, with the aſſiſt- 


ance of a boiling heat. Of the pure metallic ſubſtances, | 
they are combinable only with iron and copper. With 


the metallic oxydes, however, they form thick, concrete 
combinations, of a ſoapy appearance. They diſſolve the 


bituminous ſubſtances, particularly amber, with the aid 


of heat; and, by this ſolution, form a ſort of greaſy var- 
niſh that does not readily become dry. The moſt re- 
markable ſpecies of theſe oils, are pure fixed oils which 
owe their fixation to the gradual influence of cold, ſuch 
as oil of olives, oil of ſweet almonds, oil of rape-ſeed, 
oil of ben; oils not fixable by cold, ſuch as lintſeed oil, 
oil of nuts, oil of carnations or poppy ſeed, oil of hemp 
ſeed ;—thoſe concreted vegetable oils which are called 
vegetable butters, among which may be diſtinguiſhed— 
butter of cocoa, extracted from the cocoa-nut, butter of 
coco, and that Chineſe production, vegetable ar. In the 
arts and in medicine, theſe fixed oils are applied to a great 
diverſity of purpoſes. 

VI. VoLATILE OlLs, named likewiſe Eſſential Oils 


395 
nitrous acid inſtantaneouſly blackens theſe fixed oils, and Boon VILL > 


Ster. V. 


- 


— — 


are ſalts incapable of liquid fixity, in a ſeparate ſtate. VolaiteOi 


They are of a ſtrong aromatic ſmell; diſtillable by a boil- 


ing heat ; very acrid to the taſte; and much more com- 
buſtible that the Fixed Oils, They exiſt in almoſt all 
odorous plants. They are, in theſe, either diffuſed through- 


out the whole plant, or only in the root, or confined to 


the ſtem, or in the leaves, in the flowers, in the rind of 
the fruits, or in the ſeeds. In ſome plants, the volatile oil 


is in ſmaller, in others, in larger quantity: This oil, in 
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Compounds, component Printiples of Vegetables. 


mT. different plants, varies in conſiſtency, in colour, in gra- 


e ebe vity, in taſte and ſmell. It is extracted, either by preſſure, 
in which caſe, it is called Eſſence, or by diſtillation. Theſe 


_ oils are adulterated ſometimes by various fixed vils— 


which is indicated by their ſtaining. paper,—often by oil 
of turpentine, eaſily detected by its ſtrong and peculiar 
ſmell. By moderate heat, Volatile Oils are deprived of 
their ſmell. In the air, they thicken, and are gradually 
converted into reſins. In this inſpiſſation, they are brought 
to depoſit cryſtals, like thoſe of ſublimated camphor, 
—as was obſerved by the younger Geoffrey, in regard to 


the volatile oils of mother-root, marjoram, and turpen- 


tine. They combine, though not very readily, with 


lime and alkalis; forming by the combination, thoſe ſub- 


ſtances which are named Saponulæ. With ſulphur, they 


form thoſe compounds which are called Balſams of Sul- 
Phur, and are decompoſable by heat, which makes them 


give out ſulphurated hydrogenous gas. They are ren- 
dered ſoluble in water by the addition of mucilage and 


ſugar. They are uſed in medicine, as ſtimulants, and as 


antiſeptics. Their decompoſition by combuſtion in air, 
or by heating in cloſe veſſels, proves theſe Volatile Oils to 


confiſt of hydrogen and carbon, combined in er mo- 
difications. 


VII. Aroma is another ſubſtance. peculiar among thoſe 


Aon. which are called the Inimediate Principles of Vegetables. 


It is plentifully diffuſed in the vegetable kingdom ; though 


in ſome plants more abundantly, in others, more ſparingly, 


in ſome in a ſtate in which it is more fixed, in others, ſo 


as to be more fugitive. It is diſengaged from any plant 


by a very moderate heat. The uſual practical means of 
procuring it, is by diſtillation in a water- bath, from which 


Compounds, component Principles of Vegetables. 397 


its vapours, being received in a cold capital, are there con- Boo VII, 
denſed, and thence conducted, fluid, into the receiver. r * 
The product is a pure odoriferous water, known by the . 
name of Eſſential or Diflilled Water. This liquor is to 

be conſidered as a ſolution of the odorate principle in 

water. By heat, it ſoon loſes its odour, and becomes 
perfectly inſipid.— The pure volatile Ax oMA is a ſub- 

ſtance of which the intimate nature is not perfectly known, 

Perhaps it may be a peculiar gas; perhaps only a parti- 

cular gazeous modification of ſubſtances previouſly fami- 

liar to the chemiſt. It is nearly allied to Yo/atile Oils, and 

ſcems to be always, in greater or ſmaller quantity, pre- 

ſent in them. It combines, alſo, with alcohol, fixed oils, 

and vinegar. It is ſometimes, evidently of an inflammable 

nature. A ſeries of experiments, to aſcertain its intimate 

nature, is very much to be deſired. 

VIII. Caurzox is an immediate principle of vege- . 
tables, which is now known to exiſt in many different 2 
plants. It is a white, concrete, cryſtalline matter; of a 
ſtrong taſte and ſmell ; highly volatile; combuſtible with 
ſmoke, ſoluble in a large proportion of water, in alcohol, 
or in æther. It exiſts in many volatile oils. It is moſt 
commonly extracted from the leaves and wood of a ſpecies 
of laurel, the native growth of China, Japan, the Iſles of ; 
Borneo, Sumatra, Ceylon, &c. It is obtained, too, from the 
roots of the cinnamon-tree, from Zedoary, thyme, roſemary, 
ſage, and many other labiated plants, either by diſtillation or 
preſſure. It is thought by chemiſts to be a principle in the 
compoſition of all highly odorous plants which contain 
volatile oil. The oriental tree from which it is moſt 
commonly extracted, contains it in ſuch abundance, that the 
mere ſplitting of the wood, often gives it out in large 

| | tcars 
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398 Compounds, component Principles of Vegetables, 
Boox VIII. tears of great purity. The diſtillation of the roots or other 
ser. V. parts of this tree, with water, in an alembic of iron, co- 
vvered with a capital containing ropes of rice ſtraw, affords 
the camphor ſublimated in ſmall greyiſh grains which 
unite into larger pieces. This is crude camphor, which is 
to be purified by ſublimation in a balloon, with the addi- 
tion of an ounce of lime for every pound of the crude 
camphor. It cryſtallizes in hexagonal plates with a ſtem 
in the middle. An ordinary ſummer heat is ſufficient to 
volatilize it. In expoſure to the air, it is entirely loſt 
and diſſipated. Its ſmell is ſtronger than to be endured by 
perſons whoſe nerves are very irritable: It is ſoluble only 
in a large proportion of water : It burns on the ſurface of 
this fluid : ſmall pieces of camphor, when put into water, 
move round till they are diſſolved, with a ſort of move- 
ment, that ſeems to depend on electricity, and is to be 
ſtopped only 'by touching the water with ſome body 
which may act, as an electrical conductor. Acids when 
concentrated, diſſolve camphor : the ſulphuric acid pro- 
ducing from it, with the aid of heat, a red ſolution ; 
while the ſolution produced with the Nitric Acid, is yel- 
low. The Camphoric Acid already deſcribed, was firſt 
obtained by M. Koſengarten, in conſequence of the diflil- 
lation of nitric acid upon camphor, for eight times ſuc- 
ceſſively. Muriatic acid gas, ſulphureous acid gas, fluo- 
ric acid gas diſſolve camphor : but the infuſion of water 
into theſe ſolutions, ſeparates the camphor in flakes. 
Theſe ſolutions are alſo precipitated by alkalis and ſalino- 
terrene ſubſtances. Both the fixed and the volatile oils 
diſſolve camphor : And theſe ſolutions afford by cooling, 
cryſtallizations in a vegetative form, ſimilar to thoſe which 
are produced from muriate of ammoniac. Camphor is 
wi b AO, well 


= 
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well known to be ſoluble, likewiſe in alcohol; and this goox vI1t. 
ſolution affords, too, a fort of vegetative cryſtallization. T-. 
Camphor is uſed as a powerful ſtimulant and antiſeptic re- 

medy, in medicine. It is given in a triturated preparation 

with yolks of eggs, ſugar, and gums, in oil of camphor, or,— 

in external applications to gangrenes, in camphorated 

ſpirit of wine. Its intimate nature is not, indeed, very 
particularly known ; but, it is without doubt, a combina- 

tion of hydrogen with carbon, in certain peculiar propor- 

tion. 

IX. RESsIx is a vegetable matter, ſoft or dry, ſcarcely 9, 
odorate, combuſtible, ſoluble in alcohol, but not in water; 
ſcarcely alterable by acids, hardly ſuſceptible of union 
with alkalis ; obtainable from an inſpiſſated volatile oil, 
from which it ſeems to differ—only in poſſeſſing a larger 
proportion of oxygen. The principal ſpecies of reſins, 
are the following : Balſam of Mecca, Judza, Egypt, or 
Grand Cairo; liquid, bitter, and of a high lemon-co- 
lour ; dropping naturally from a tree named Amy/is Opo- 
balſamam, which was little to European Naturaliſts, till its 
diſcovery by M. Forſkahl, in Arabia Felix :—Brown or 
yellow balſam of Cofrahu, the produce of the tree called _ 
Cofiraiba, or Coſiaifera — Turpentine of Chis which runs 
from the turpentine-tree that bears piſtachio-nuts,—and 
is of a white or yellow colour inclining to blue? Venetian 
or Milefian turpentine, which, either alone, or in union with 
an Alkali, is the moſt commonly uſed in medicine. The 
Rejin of the fir-tree, obtained by piercing the veſiculz of its 
bark in the foreſts of Switzerland, and known in commerce, 
by the name of turpentine of Straſburgh :—Pch, the juice 
of the Abies Picea, procured by inciſion from the bark of 
the tree: Galipot, the reſin of that pine which bears ſoft ap- 
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* Boo VIII ples, obtained by notching the tree towards its root, and 


* ſetting troughs to receive the reſin while it runs: Taca- 
mahaca, gum elemi, gum anime, reſins which are but little 
known, and little uſed : Maſtic, a ſubſtance in whit fa- 
rinaceous tears, fainity odorate, which diſtils from the 


_ turpentine-tree, and is uſed in drying varniſhes, as an 


aſtringent and aromatic ;—Sandarac obtained from the 
juniper-tree, in white tears, more tranſparent than thoſe 
of maſtic,—and- uſed in powder, to prevent ink from 
ſinking into paper from which the exterior coating of 
fize, has been ſcraped away : The greeniſh re/in of Guay- 


acum obtained by inciſion. from the tree of the ſame 


name: Labdanum, a blackiſh ſubſtance, the reſin of a 
ſpecies of ciſtus which grows in Candia : Dragon's Blood, 
extracted from the Dracena Draco and ſome other trees 


of a kindred nature. All theſe refiris are compounds of 


oxygen, ſuperadded to a previous, oleaginous compound of 
hydrogen and carbon. They are applied to divers uſes in 


Medicine and in the Arts. 


X. The Chemiſts diſtinguiſh by the name of BAL SAM s, 
a few ſubſtances, immediate principles of Vegetables, in 


which reſin appears to be united with Benzoic Acid. 


Benzoin, a matter in white tears which is imported into 
Europe from the kingdom of Siam, and the iftand of Su- 
matra, is of this character. Such, alſo, is the Balſam of 


| Tolu, Peru, and Carthagena, which flows from the Arbos 


Toluifera, and is brought to Europe, in cocoa-nutſhells, in 
yellowiſh tears, or in fluid ſtate. The Szorax Calamita, 
a product of the oriental plant Liquidamber, which was 
formerly imported into Europe in reeds, but now comes, 
uſually, in loaves or irregular maſſes of a reddiſh brown 
colour, with a few tears intermixed, of a lighter colour, 

| and 


Pal 
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Of the benzoic acid, one of the component parts of theſe 


balſams, the nature has been already explained. Their 
r are hydrogen, carbon, and oxygen. 


GUM-RESIN is a concrete, vegetable juice, imper- hens 


fectly ſoluble in water. With water, and with vinegar, it 

forms a ſort of emulſion. In alcohol, it ſtill is more ſoluble, 
It does not flow naturally, like Reſin, from vegetables: 

but it is to be obtained by bruiſing their veſſels, out of 
which it comes in a white or varioully coloured juice, of a 
ſcetid odour, more or leſs reſembling that of garlic, They 
ſeem to conſiſt of reſm mixed with Extrative Matter: 
The following are the moſt important ſpecies ;—Olibanum 
conſiſting of yellow, tranſparent tears, of a ſtrong diſa« 


greeable ſmell ;—Galbamum, a fœtid juice of a brown yel- 


low colour and a nauſeous ſmell, procured in Arabia, in 
Syria, and at the Cape of Good Hope, from inciſions in 
2 ferulaceous plant,—the Bubon Galbanum of Linnzus ;— 
Scammony, a ſubſtance of a blackiſh-grey colour, a ſtrong 
nauſeous ſmell, and a bitter and very acrid taſte, which 
comes from Aleppo and Smyrna, and is extracted from the 
plant named by Linneus, Convoluelus Scammonia : Gums 
guttæ, a yellow, reddiſh matter, without odour, of a ſtrong, 
acrid, corroſive taſte ; which comes from Siam, China, and 
the iſland of Ceylon; and is there extracted from a large 
tree named Coddam-Pwlli with which, however, we are 
very little acquainted ;—Eufhorbium, a matter in yellow 
tears, of a carious appearance, and without ſmell ; ob- 
tained by inciſion from the plant Eufhorbium in Abyſſinia, 
Lybia, and Mauritania; exceedingly acrid, and even dan- 
gerouſly purgative; Aa. fatida, a ſubſtance in loaves or 
i tears; of ud ſmell, a bitter ma, 069: 0 
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and a more pleaſant ſmell,—is another ſimilar balſam. Book VIIT, | 
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40 Compounds, component Principles of Yogutables. 
Book vnſiche whole, nauſtouſſy diſagreeable ; the produce of the 
&.. 7: root of a ferula of the province of Chorazan in Perſa, 
which Linnzzus has named Aſa-fetida ;—Alos, a 
juice of a datk-red or brown colour: bitter to the taſte; 
obtained by inciſion, from the leaves of the aloes tree; 
and uſed in medicine, as a purgative remedy of great ef- 
ficacy ;—Myrrh, a matter in the form of tears, of a bril- 
liant appearance, of a ſtrong but agreeable ſmell, bitter to 
the taſte; and in the fracture of the tears, exhibiting white 
lines of the form of a nail: It is obtained from Egypt 
and Arabia, und is uſed in medicine and ſurgery, as a ſti- 
mulant remedy :—Gum-anmoniac, a ſubſtance which we 
get from Africa, —ſometimes in tears internally, white,— - 
Externally, yellow, often in maſſes reſembling thoſe of ben- 
zoin: It is thought to be ꝶ6᷑ñ Aroee 
plant. 
1 XII. Gum-ELasTIC ee as an immediate 
tic. principle, in many vegetables; is remarkable for the duc» | 
tility and elaſticity which! it retains when dry; yields am- 
moniac by diſtillation ; when burnt, diffuſes a feetid odour; 
_ exiſts, at firſt, in the form of a white, lacteous fluid, and 
paſſes into the ſtate of Gum · elaſtic by abſorbing oxygen 
from the aſmoſphere. It is known, alſo, by the name of 
Caoutchouc, It is extracted from a tree, the growth of va · 
rious parts in America, by inciſions, penetrating through 
= the bark, to the wood. The juice is, at its firſt flowing, 
1 | white as milk, and infufferably fevtid. Condenſed into 
Ws - thoſe bottles in which it is ſeen in this. country, it is inal- 
terable by water, ſubje& to be diſcoloured by the action 
of alcohol aided by a boiling heat, decompoſable by 
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ſtrongly concentrated nitric acid, ſoluble by volatile oils by 
with the aſliſtance of a gentle heat. From the laborious {c 


Compounds, component Principles of Vegetables. 


and conſiderably accurate, chemical analyſis of this ihr VO" 


ſtance, which was made by M. Berniard, it ſeems to con- 
n; Ae IM 23t- an addition or 
azote. 


XIII. Kiens exiſts in all white and brittle parts of . 3 


Vegetables, —particularly i in tuberculous roots, and in the 
grains of gramineous plants. It is a pulverulent, dry, 
white, inſipid, combuſtible matter. It yields by diſtilla- 
tion, a large proportion of pyro-mucous acid; is ſoluble in 
boiling water; forms, with this liquid, a jelly; is con- 


vertible by the nitric acid, into oxalic and malic acid; 


forms the baſis of the nouriſhment of animals; and be- 
comes, with ſufficient readineſs, a principle in the living 
animal body. All the ſolid parts of vegetables, are, more 
or leſs, capable of affording fœculum. But, ſome yield it 
in a greater abundance ; and it is, therefore, prepared ra - 
ther from theſe. for the uſes of the Arts. The fœcula of 


wheat, potatoe, fago, ſalop, briony, deſerve particular 


The fœculum of PoTAToE may be obtained ſeparate, Potutoe, 


by the eaſy proceſs of grating down the potatoes, and 
pouring upon the grated ſubſtance, a ſufficient abundance 


of water. The fluid takes up in ſuſpenſion, the fineſt 


portion of the attenuated foeculum ; and, after ſtanding 
for ſome time, again depoſites it. The water being now 
decanted off, and the fœculum at the bottom, dried ; 
this matter is obtained in the form of a fine light powder, 
It is commonly prepared by the peaſantry, in the more re- 
mote parts of this country, for ſtarch. It is made in the 


great way, by mills, in which the potatoes are grated down 


by a ſort of graters turning upon cylinders. One need 
ſcarcely obſerze, that fotatoes become uſeful as an article 
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Compounds, component i Pricitls of 22 


Boox VIII of food, 3 roaſted, boiled, in bread, or in pudding, 5 


Secr, V. 


Briony. 


V4: 


Cailava, 


ſolely in conſequence of their containing foeculum i in ſuch 
abundance. 

The feculum of BRIONY is extracted and prepared for 
medical uſes, by an eaſy proceſs. Take any quantity of 
freſh roots of this plant; ſtrip off the bark; raſp the 
roots to pieces; ſubject the raſped roots to the preſs. A 
white juice will be thus ſqueezed out, which will depoſite, 
by ſtanding. 2 very fine fœculum. A quantity which till 
remains in this fœculum, but may be carried off by waſh- 
ing. before it has become dry, renders it, if the waſhing 


have been neglected, very acrid, and violently purgative, 


The repeated dilution of the maſs remaining in the preſs, 
will afford a new Fry of fœculum, which is not 
purgative. 
From the root of a very . plant, named Manioc, 
the native Americans have, from time immemorial, 
extracted a very pleaſant and nouriſhing Fæculum, to 
which they give the name of Cas8Ava. They ſtrip the 
root of its bark, grate it down, put the grated matter into 
a ruſh-bag of a conical figure, and a very looſe texture, 
then hang the bag upon a ſtick reſting horizontally on two 
wooden forks. A weight ſuſpended from the bottom of 


the bag, ſqueezes out the juice, which is a powerful poi- 


ſon. "The fœculum is then waſhed, dried, and paſſed 
through a ſicve. Baked and toaſted on a gridiron, it forms 
the Caſſava-bread : Expoſed to heat, in a baſon, and 
moiſtened with water, it takes, while it dries, a granulated 
form,.in which it is called Couac : The Juice which was 
ſqucezed from the bag, depoſites ſlowly, a very fine fœcu- 
lum of a ſweet taſte, which is uſed in paſtry, and if-called 


 Mouſſeche. 
lee 
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$AGo is a fœeulum, obtained from the pith of a palm-Boor. An = 
tree known in the Molucca-Iſlands by the name of Lan- 
dau. It is imported into Europe, from the Eaſt Indies. * 5 
It is extracted by ſplitting the tree that affords it. It is | E 
then ſcraped down ; put into a funnel formed of the bark b 
of the tree; placed upon a hair-fieve ; and expoſed to a f 
plenteous affuſion of water. This water paſſes through 4 


the ſieve, and carries with it the finer parts of the pith ; f 
leaving only the fibrous matter on the ſieve. It is received 

into pots, in which it ſoon depoſites the fœculum ſuſ- =. 
pended in it, It is then decanted off; and the moiſt fœ- 7 


culum is paſſed through ſmall plates perforated with holes, 4 
from which it takes a granulated form. It is, then dried 2 
by fire, the action of which gives a reddiſh colour to the Z 
ſurfaces of the grains. In this granulated form, is this 4 
ſubſtance brought into Europe. It makes with - milk, 2 


broth, or white wine, ſoups or a fort of pap, which are 
given as light and highly nutritious, to perſons who are 
ſo ill, as to be incapable el akng other food, It is uſed, 
alſo, in puddings. 

The feculum of Wurar, has received the name of Wheat. 
Starch. Every ear of wheat, freed from the chaff, con- | 
fiſts of three parts, a fœculum, a gluten, and a portion of 
faccharine matter. If bruiſed to a powder, wrought into 
a paſte, and in this form expoſed to the action of water 

running from a cock; wheat will impregnate the water 
with a fine white matter, from which it will receive the 
colour and conſiſtency of milk. This whitening matter, 
the water will ſlowly depoſite by ſtanding : and this is the 
feculum of wheat. It is extremely fine, is ſoft to the 
touch, and has no ſenſible taſte. It forms always more 
than one-half of the flour or powder of wheat. By 
Cc3 treatment 
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Boox Vitrereatmnent with nitric acid, it affords oxalic acid. In the 
She; alteration produced i in bread by leaven, this matter ſeems 


Gluten, 


to undergo an incipient, acid fermentation. 

All theſe different fcecula are ſtill but compounds of hy. 
drogen with carbon. It is their tendency to afford theſe 
two matters in every decompoſition, which fits them for the 
ſuſtenance of animal life, The vegetables, in whoſe ſub- 
ftance they are contained, prove more or leſs uſeful for 
food, according as the fœcula are more or leſs copious, and 
more or leſs free from improper mixture. 

XIV. GLUTEN is another immediate firincifile in vege- 
tables. In grains, it co-exiſts with farculum, and ſaccha- 


rin⸗ ſubſtance. It appears to be a compound of azote or 


nitrogen, with hydrogen and carbon. As poſſeſſing azote, 


it differs eſſentially from moſt other vegetable principles, 


and approaches to the character of animal matters. lt is 
elaſtic, ductile; ſeemingly fibrous or membranous; inſo- 
luble in water, imperfectly ſoluble in alcohol; putrefiable, 
like an animal ſubſtance; ; ſubject to take, like animal 
matters, a yellow colour from the contact of nitric acid; 
and affording under the farther action of nitric, at laſt 


oxalic acid. Wheat appears to contain it in a greater pro- 
portion than moſt other grains, It exiſts in the beſt flour; 


in proportion of—from a fifth to a third part. It is as 
containing this matter in ſuch a proportion, that the flour 
of wheat is more wholeſome and nutritious, as an article 
of food, than oats, potatoes, or any other farinaceous ſub- 
ſtance, The taſte of GLUTEN is inſipid. It ſwells aſ- 
toniſhingly, when it is expoſed to a force of heat, ſuffi - 


cient to dry it rapidly. Dried by a gentle heat, it becomes 
_ ſemi-tranſparent and hard, like animal glue, and breaks 
With a degree of noiſe, and with a ſmooth fracture. In this 


ſtate, 


Compounds, component Principles of Vegetables. _ 
ſtate, it exhibits, if leid on a coal, all che characters of Beox yt 
an animal matter, crackles, Hwells, liqueſies, is agitated, AY; 
and burns like a feather, or a piece of horn. It yields by ; 
diſtillation, - water, ammoniacal -catbonate, an empyreu- 
matic oil, and a carbonaceous reſidue. By water, it is not 
diſſolved: yet, perhaps, water is an effential principle in 
its compoſition. It is ſoluble in the ſolutions of potaſh 
and ſoda, The mineral acids alſo diſſolve it. Azotic and 
afterwards nitrous, gas, are evolved by the action of the 
nitric acid upon this Gluten. The ſulphuric and muriatic 
acids produce with it, a brown ſolution, from which an oil 
is afterwards to be obtained, 

XV. CoLouringG MATTER eee baſk 9 
principles of Vegetables. It is, ſometimes, ſoluble in wa- Mater, © 
ter; and ſometimes, ſubje& to yield, only to the action of 
alkalis, oils, or alcohol. It has a tendenoy to combine 
with alumine, oxydes, &c. It is capable of more or leſs 
perfect combination with the contexture of all bodies, ani- 
mal or vegetable, This coLoURING MATTER is, in its 
intimate nature, and moſt delicate combinations, utterly un- 


known. The experiments of Fourcroy and others, have, 
however, evinced ; that, by the addition of a certain 
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quantity of oxygen, to bodies which were previouſly un- 95 
oxydated, whether theſe bodies be vegetable or mineral. 8 
a blue colour is developed; that a ſecond quantity of oxy- 5 
gen being ſuperadded gives a yellow colour; and that, when 1 
che proportion of oxygen is ſtill augmented, the colour be- Tx 
comes red. But, it appears, likewiſe, that bodies entirely 4 
deſtitute of oxygen, ſuch as metals in their pure metallic 7 
ſtate, are not colourleſs. It does not certainly appear, that, 4 
Wm . 7 
Ce 4 which, 1 
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Boo VII which; colour would be entirely taken away. lt is cer- 


Szer. V. 


16. 


tain, chat oxygen cannot be the univerſal colouring matter; 
though there be. indeed, certain phænomena of colour, 
ge e e eee as" an important 


part. 
XVI. The eee, Nas or Wn of vegetables, 


is the univerſal folid baſis of all vegetable organization. 
In hard vegetables, it is much more copious, than in thoſe 
-which art ſoft.” It is inſoluble in water. It affords by 


diſtillation, that particular acid which is called—the yro- 


 Jigneous. It appears to be the laſt product of the elabora- 


tion of vegetable organs. Treated with the nitric acid, 
it is capable of paſſing into three or four different ſtates of 


-acidity. It is, however, inſoluble in water and moſt 
other menſtrua./ It ſhould ſeem, that this Ligneous mat - 
ter conſiſts B cot apl 


portion of OS” 


All the matters in the compoſition of vegetables, are re- 


ducible to theſe fifteen Immediate Principles. Before new 


truth and generalization had been introduced into Chemical 
Science by the diſcoveries of LAvOISsIER, it was not 


known that theſe principles were ſuſceptible of analyſis 


into others more ſimple. We now know hydrogen, car- 
bon, oxygen, and in ſome, a little azote, to be the only 


Component principles of all . matter. The varied 
| combinations 


Compounds, component Principles of Vegetables. 409 
combinations of which theſe admit, are innumerable. It Boo VIII. 


Szcr, V. 


it not ĩimpoſſible, but future inveſtigation and diſcovery , 
may inform us of the exiſtence of other compounds beſide 


thoſe fifteen in which vegetation unites bydrogen, carbon, 
e d YR WR TIENES 


3 


r 


SECTION 


OY 


F 
— 32 » 4 * * 


"7 * - 59 
n 
** * 


* * 2 
. * 
ww a * 
» 4 - 1 4 * 1 7 T% 9 
Ka = bY 
PP 1 — — - dv a. 
"IF - "0 Wo CS a - < 
— — — — — — — — 27 — 
(2 


[ 


» 
" = . * * - 1 * 
* 9 a = * A, 5 * ” 9 , 
. * * 4 ©, 2 
* 
- 
A 4 ® ' +4 > - . 
6#% + # . id $54 "a, P 3 


* 


n 


228 99 % 


A — n f . . + ;$ #4 4:45 3 4 [ 2 * 4 j 
3 + . \ . 
6 bb. $13. hk LY WEED | do PHT. IN | 
| SECTION SIXTH. 
| EL #64 £3 EINCTEY 45d | Reer r 
0 © 
* 1 „ ® 4 E 


f ALCOHOL, &e. * 


Boon vitt A. Vegetables ſubſtances containing any quantity of 
Cr. . 


"4 , that particular mddification of the compound of hydrogen 


1. with carbon, which forms 8UGAR ;—are liable, in cer- 


Origin 


nin circumſtances, to undergo a ſeries of changes; by 
which this ſugar becomes, fir, more ſenſibly predomi- 


nant in their compoſuion, and is then, decompoſed by the 
evolution of its carbon into carbonic-acid-gas ; an evolu- 
tion that is always followed by the formation of a new and 
ſomewhat leſs volatile hydro-carbonous compound. Theſe 
changes take place in the heat of from 552 tq 65*. Fah- 


renheit. The preſence of water is always neceſſary to 


their exhibition. Its decompoſition affords that oxygen 
which is generally wanted to make the ſaccharine matter, 
in the firſt inſtance, develope itſelf, - and afterwards to 
acidify the carbon which is evolved from the ſaccharine 
ſolution. In conſequence of this extrication of the car- 
bon and oxygen: the intimate vegetable ſtructure is al- 
moſt wholly deſtroyed, The formation of ALOHoOI is 
the moſt remarkable effect that enſues in the liquor out 
of which the carbonic-acid-gas has thus eſcaped. This 
whole ſeries of changes in ſaccharine vegetable matter, are 


denominated SPIRITVUoUS FERMENTATION, 


ALconoL, thus obtained, is a white liquid, of a ſtrong 


Its chard- ſmell, a hot and acrid taſte, It is convertible into vapour 


vy me heat of 1769. Fahrenheit, It is inflammable by 


tho 


Of Alcohol, e. 


affords a large proportion of water, and a portion -of car- 
ion of water; from whieh there is an expulſion of 


the pure cauſtic alkalis, deliqueſcent neutral ſalts, and many 


aroma, reſin, balſam, a part of their gum-refin, reaped 
ral colouring matters. 

The acids when bronght into 3 
reſign to it their oxygen. By this decompoſition, the nature 
of the ALCOHOL itſelf, is, of courſe, changed ; and it be- 
comes AETHER. ETHER is a fluid lighter than ALco- 
HOL ; of a ſtrong, ſweet ſmell ; of a hot, pungent taſte; 
and ſuſceptible of extraordinary expanſion. Such is its vo- 
latility; that, if ſtirred or ſhaken, it is inſtantly diffipated, 
In its evaporation, it is capable of abforbing heat fo ra- 
pidly and with ſuch energy from water, as to produce in 
the water in a phial upon the exterior ſurfaces of which 
the evaporating THER is poured, —a degree of cold ſuf- 
ficient for congelation. ATHer is not alcohol, com- 


by heating in the open air, by the contact of any burning 


compoſition of æther, a portion of the combuſtible acid 


baſe always enters into the new compound, together with 
2 proportion of its oxygen; but that the oxygen and the 
baſe no longer remain in their original acid combination; 
being ſeparated, and again joined in a new triple compound. 
The ſulphuric acid is chiefly employed in the preparation 
of zther. Muriatic and nitric zthers diſplay ſome proper- 
. is peculiarly diſcriminated. ATHER' 
in 


— ut cny Wengeame: When burning, — 


Ste r. VI. 
bonic acid, and diffuſes no ſmoke. It is miſcible in any 


air and caloric, while the union takes place. It diffolves _ 


metallic falts. From vegetables, it extracts their volatile oil, 


pletely ſaturated with oxygen: For, it is eaſily inflamed— 
body, or by the electtie ſpark. It is probable, that in the 
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412 0 Alcobel, &c. 


Boox vIt1 in its gazeous ſtate may be made to paſs through water, 
q zer. VI. without loſing its ſmell or inflammability. 


2 Alcohol combines readily with boracic acid; and in 


Various re· its combination with this acid, burns with a green flame. 
Ha lcchel. Of Carbonic-acid-gas, it abſorbs a quantity more than 
equal to itſelf in bulk. It diſſolves nitric and muriatic 
neutral ſalts with conſiderable energy,—ſulphuric neutral 
ſalts, much leſs eafily. It is combinable with moſt of the 
ammoniacal neutral ſalts. Deliqueſcent, earthy ſalts are 
eaſily diſſolved in it. With falts of copper, it burns with 
a beautiful green flame. Various other metallic ſalts are 
_eaſily ſoluble in alcohol. It does not diſſolve ſulphur, 
either in maſſes or in powder. But, theſe two bodies 
combine, if brought into contact, while they are both in 
' vaporous ſtate. It acts not on pure metals, nor on me- 
tallic oxydes. It acts always with more or leſs energy on 
vegetable matters, detaching into combinations with .it- 
ſelf, the ſaccharine and ſaponaceous extracts, —and com- 
bining with ſtill greater readineſs with volatile oil, aroma, 
camphor and reſin. The diſtillation of alcohol on a wa- 
ter bath, with odarous plants, produces theſe laſt combi- 

nations. r | 
& + ALConoL- is the ſpirituous principle of all ſtrong 
Utes of Al- drink ; brandy, wine, rum, whiſky, cyder, ales, &c. It 
| is combined with oils and raiſins in thoſe which are called 
5 Drying Varniſies. It has been uſed in thermometers, and 
for many other uſes. It js a powerful ſtimulant, but tran- 
ſient in its efficacy, and highly dangerous in its intemperate 
uſe. ther is adminiſtered as. a tonic and antiſpaſmo- 
dic remedy of great energy; though not always witl 

offects the moſt beneficial, 
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\ SECTION SEVENTH. 


COMPOUNDS WHICH ARE REGARDED AS THE 1M» 
MEDIATE PRINCIPLES OF ANIMAL MATTERS. 


413 


Aung guns rabscne are, all, underſtood to be com- deer yu 
Ze r * 


pounds of theſe four principles, carbon, hydrogen, oy 


— 


gen, and azote. But, certain intimate combinations of principles 
theſe ſumple principles, preſent themſelves, the moſt ſtrik- of Animal 


ingly, to notice, in the firſt analyſis of animal matters. 


Until chemiſtry was improved to its preſent enlargement of 


ſcience, by the diſcoveries of LavoisIER, compounds 


were, here, as in the other kingdoms of nature, regarded 
as fimple ſubſtances ; and the following matters, of which 
the chemical hiſtory ſhall be, here, briefly ſubjoined, 
were conſidered as the IMMEDIATE PRINCIPLES of all 
animal bodies. 

I. BLoop is, obviouſly, one of the firſt and moſt im- 
portant of theſe ſecondary principles. In man, quadrupeds, 
and birds, it is hot at the temperature of 104 Fahr. ; in 
oviparous quadrupeds, ſerpents, and fiſhes, at the mean 
temperature of the local ſituations which they inhabit. 
When diſcharged from a blood-veſſel into-the open air ; it 
ſeparates, almoſt inſtantaneouſly, into the three different 


parts of —white ſerum,—red ſerum, —and fibrous matter or 


fibrina, —The white ſerum appears to be, in ſome ſort, of 
an alkaline character, and to contain oxygen, in an inti- 
mate combination with it, —which gives it, a tendency to 

coagulate 


we PEACE KS IL 


* 0 
CE ISELS 


1 lx a+ _— * 3 
BIS ADAR 4; TEL IRIS 


. 


nr 
2 — — % 0,4 * 1 


r 


| 
. Fs 
3 


"I" 


J 7 K p * 
EE THO 
— 9 LY = F — 
N Sw 


In. 


= EP Mn 


3 2 4 
. 


—_— * „. 
AF Tui * — 31 
2 42 * 
* 


r , ot 3 ⁰⁰⁰ t 
— —— * - > 


— 


| lation by naked fire, it affords acid, fluid oil, concrete oil, 


* 


— of Antmal Matters, 


Boox VIII. .coagulate by flre, metallic oxydes, &c. The red ſerum 
or colouring part of the blood is of the ſame general na. 


ture as the white, but differs in poſſeſſing in it, a large 
proportion of oxyde of iron. The fibrina is ſpontane- 
ouſly concreſcible by cold, and ſoluble in alkalis. Theſe 
properties of the different parts of the blood, may be 
conſidered as belonging to it all, in general. The blood 
is hot from the continual decompoſition of ga8-oxygen, 
as it is formed and as it paſſes through the veſſels ;—-for 
Caloric is thus conſtantly evolved ; and ſubſtances which 
as they paſſed from the ſtomach to the lungs, were gaze- 
ous or fluid, are continually falling into a ſtate of fixity, 
in order to renew the ſolids, It is probable, that the re- 
novation of the blood by chyle, and the converſion of 
chyle into animal matter, are owing to the diſengagement 
CO e eee e 
lungs. 

II. MiIk, e enen animal matter s is a white 


| fluid, mild, and ſaccharine ; a mixture of ſerum, cheeſe, 


and butter; a genuine animal emulſion. In the ſerum, 
there exiſts an incipient ſugar which is known by the 
name of Sygar of Milk. It contains phoſphate of lime, 


in a proportion much larger, than in any of the other hu- 


mours. The Cheeſe is ſimply what is called Albuminou 


matter. The Butter is a concrete oil which ſeems to be 


ſolid, and ſeparable from milk by motion alone, ſolely in 
confequence of the abſorption ' of oxygen from the 


atmoſphere, during the formation of the cream. Milk, 
 Giſtilled by the heat of a water-bath, affords an inſipid, in- 


odorous phlegin, ſuſceptible of putrefaction. By a heat 
ſomewhat ſtronger, it is coagulated, like blood. In diſtil- 
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and carbonate of ammonĩac: Its reſidual coal contains ſmall ee. 2 
portions of potaſh, muriate of potaſh, and calcareous 


phoſphate. In a very hot temperature, milk is liable to 
paſs into a ſtate of ſpirituous fermentation, in which a ſpi- 


rit and an acid are, at once, eyolved. Another degree f 
heat, ſeparates the caſeous part in pellicles which riſe to 


the ſurface. Acids alſo ſeparate the caſeous part. Rennet: 
2 mixture of milk formed in the ſtomachs of calves— 
with the gaſtric juice, —is employed as the beſt coagulat- 
ing agent, in the ordinary preparation of cheeſe. The 


ſerum or whey drawn off from the coagulated caſeous part, 


and clarified with *v/:te of eggs, has a mild taſte, and con- 
tains a quantity of ſaccharine matter which, by a farther 


proceſs, may be obtained ſeparate. A peculiar acid, which 


has been already. deſcribed under the appellation of Lactic 
Acid is developed by a ſpontaneous acid fermentation which 
will take place in this whey, — and even in milk at the tem- 
perature of 800. Evaporation of the ſour whey to an 
eighth part of its firſt quantity; the precipitation of its 
earthy part, by lime-water ; the ſeparation of the lime by 
oxalic acid; evaporation of the liquid to the conſiſtency 
of honey; and the precipitation of the ſaccharine part and 
ſome extraneous matters with alcohol ; yielded, in the laſt 
reſult of this proceſs, the pure /afic acid, in ſolution in 


the alcohol. The properties of this acid have been already 


explained. The ſaccharine part exiſts, alſo, in whey, not 


in the cheeſe or the butter. It is commonly extracted 


for uſe in Switzerland; and is ſold under the appellation 
of Sugar of Milt. It appears in various degrees of pu- 
tity, in which it is more or leſs free from the intermix- 
ture of the other ingredients of milk. Heated, with ni- 
tric acid, it affords a peculiar compound acid which bas 

| been 
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476 Compound}, Principles of Animal Matters, 
fox vittbeen' deſcribed under the denomination - of Saccho-lafiy 
| Sner, VIL £51. After the lactie acid, and the ſugar of milk have 
been extracted from the whey of cow's milk, the reſidue 
takes the appearance of a jelly, and feems to contain 
gluten. As the ſaccharine part is commonly underſtood 
to be the moſt nutritious matter in milk; it may be pro- 
per to mention the following differences of proportion in 

which it exiſts in the milk of different animals. 
Pour ounces of ſheep's milk n from 35 to 37 grains 

of ſugar of milk. | 

The ſame quantity of goats milk from 47 to 49 


grains. 
| — 3 
—_ — of woman's milk, from 58 to 67 — 
| ————— of mare's milk, from 69 to 70 — 
of aſs's milk, from 80 to 82 -— 
The hn fart of milk, when well waſhed, ae 
white and ſolid, like the albumen of the blood, coagulated 
by heat. By diſtillation in a water-bath, it affords an in- 
ſipid, putrefiable phlegm. Diſtilled in a retort, it gives an 
alkaline phlegm, a ponderous oil, and a conſiderable pro- 
portion of carbonate of ammoniac. In a hot tempera- 
ture, cheeſe becomes putrid, and is gradually diſſolved. 
The butter ſeparates from milk by reſt, and occupies the 
ſurface of the whole fluid maſs. In this ſtate, it receives 
the name of Cream. The cream ſtill contains a propor- 
tion of the caſeous acid matter from which it is to be 
parted by that mechanical agitation which is called CHurn- 
ing. The abſorption of oxygen from the atmoſphere 
© which rapidly takes place while the cream is formed, and 
while the butter is made,—ſerves both to concrete the 


| ally matter of the butter ſrom its former fluidity, and to 
= acidiſy 
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compoundi, Principles of Animal Matters. 
acidify the ſerum; while the butter is thus concreted. In 


that which is called burter-milt, there remains a portion . 


of the butter and of the cheeſe, - diſperſed in the acidified 
ſerum. Pure butter is ſoft and concrete, of a golden yellow 
colour, an agreeable ſweet taſte ; ſubject to melt by heat, 
and to become ſolid by cooling; decompoſable by diſtil- 
lation in the retort, into an acid of a ſtrong, pungent ſmell, 
a fluid oil, a concrete coloured oil of the ſame ſmell as the 
acid, and a reſidual coal in a fmall proportion. The acid is 
of a peculiar character, and has received the name of Sebacie 
Acid. This is, in certain temperatures, naturally evolved 
from butter,—The laſt analyſis of all theſe different prin- 
ciples of milk ſtill affords only hydrogen, carbon, azote, 

and oxygen, with a mixture of phoſphoric, neutral falts. 
III. BI Lr, another of the immediate principles of animal 
bodies, is an oleaginous, ſaponaceous juice. An oil nearly 
in the ſtate of the white of the whale; a proportion of 
ſoda added in combination to this oil ; and an albuminous 
liquid which is formed in the Liver; are the conſtituents 
of BILE, It is glutinous or imperfe&tly fluid like oil; 
very bitter to the taſte; of a yellowiſh green colour; apt, 
ke the ſolution of ſoap, to frothe by agitation; Diſtilled 
on a water-bath, it affords an inſipid putrefiable phlegm, 
which often emits a muſky ſmell. By diſtillation in a re- 
tort, the dry extract gives ammoniac, an empyreumatic 
oil, fixed alkali, and gas-hydrogen,—leaving a carbonace- 
ous reſidue, which is found to conſiſt of iron, carbonate of 
ſoda, and phoſphate of lime. Bi x is decampoſable by all 
the acids ; which diſengage from it an oil that riſes to the 
top,—leaving below, a ſolution of different neutral falts, 
which have ſoda for their baſes. Solutions of the metals 
produce, by detaching the ſoda, metallic ſoaps, In union 
Dd with 
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5 nne oils, BILE ſerves for cleanſing ſtuffs, in the ſame 


Secr- VII. manner, as ſoap. It is ſoluble in alcohol. 
oe og IV. The GrEasE or Far is an oleaginous matter 
Fat, formed at the extremities of the Arteries, at the fartheſt 
poſſible diſtance from the centre of animal heat and mo- 
tion. It is a ſort of reſervoir for the accumulation of 
that hydrogen which the lungs are unable to diſcharge. It 
s an oil combined with oxygen in conſiderable proportion, 
and with Sebacic Acid. It is a compound of oxygenated oil, 
ſebacic acid, and water. Theſe, again, are compounds 
of hydrogen, carbon, azote, and oxygen. Its uſes in the 
animal body, are,—to maintain the heat of the body, and 
protect the viſcera from external cold, —as alſo, to ſerve as 
nouriſhment to the animal, in want, ſickneſs, &c, 
* V. Urine is an excrementitious fluid, more or leſs co- 
e.  loured, acxid, and ſaline; remarkable for the quantitics 
which it contains of uncombined phoſphoric acid, phoſ- 
phate of ſoda, ammoniac, and lime; ſtill more remarkable 
' for containing a peculiar acid, which has not, as yet, been 
found in the other animal humours. This acid is named 
| the Lithic Acid, and is the baſis of thoſe ſtony concretions 
which are formed in the reins or bladder, in the diſcaſe 
called Lit liaſis. 
6. VI. GLUTEN is another immediate principle of animal 
Gluten. ſubſtances. It is eaſily ſeparated by boiling water. This 
ſolution of it, cools into a jelly, It forms the baſis of all 
the white organs of animals. It is a compound of hy- 
drogen, carbon, and azote. It affords all thoſe animal 
jellies which are prepared for the table, and all thoſe ants 
mal glues which are employed in the arts. 


— ALBUMEN and FIBRINA have been already mentioned, 


andFibrina, as . parts of the blood. "Rp are F depoſed i in the 
_ 


Compounds, Principles of Animal Matters. 49 
ſolid ſuſtance of the animal body. ALBUMEN, as it ap- Book Vu 


pears in this part of the ſyſtem, is concreſcible by heat, wwyw 


by acids, by oxydes, and in general by whatever affords a 


ſufficient depoſition of oxygen, to enter into it. By al- 


kalis, it is diſſolved. It exiſts in a ſtate of more or leſs 
complete oxygenation and condenſation, in the membranes, 


the tendons, the griſtles, and all the white parts in gene- 


ral, The FIB RINA is inſoluble in water at any tempe- 
rature ; contains a large proportion of azote; is con- 


denſed, concreted, and organized in muſcular fleſh, which | 


may be regarded as the reſervoir in which all the fibrous 
matter of the blood is depoſited, The muſcles are the 
proper ſecretory organs of this matter, 

VIII. The Ossgous ſubſtance of animal bodies, ap- 


pears to be formed by the very copious depoſition of phoſ- Subſtance, 


phate of lime, ſecreted from the blood, in a EINE 28 and 
fibrous parenchyma. 


— ——— I mm——_—_—__ 


In ANIMAL, as in vegetable ſubſtances, there is nothing 


more remarkable, than the fewneſs of the ſimple elemen- 


tary principles, the multiplicity of the compounds, and the 
very various qualities which the varied modifications of 
the ſame elements, are made to exhibit, Vegetation and 
animal life appear to be capable of. combining the princi- 
pies of carbon, azote, hydrogen, and oxygen, in every 
poſſible variety of proportions. If the complexity of ani- 
mal and vegetable matters have ſuch ſimplicity in their 
firſt origin; it is ſurely not too much to expect, that 
chemical analyfis may, one day, exceedingly diminiſh the 
preſent number of ſuppoſed ſimple ſubſtances. 
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' APPLICATION OF CHEMICAL SCIENCE TO EXPLAIN==THE 
"GENERAL FACTS OF GEOLOGY,—THE LAWS OF VE. 
GETATION,—THE FUNCTIONS OF THE AV 
MAL ECONOMY,—AND THE PRACTICE 
OF THE POPULAR, CHEMICAL | 
ARTS. 


3 
1 


* PRELIMINARY OBSERVATIONS. 


E, who, without previous elementary knowledge, Boos 1X, 
ſurveys either the appearances of Nature, or the MD Ho 
complex operations of Art, will hardly be able to diſtin- 3 
guiſh their order, their ends, their connexions, or their Elementary 
mutual dependencies. Confuſion and inextricable per. Nowledge 
plexity muſt appear to pervade all that is before him. He 
wants the requiſite key ; and it is, therefore, impoſſible 
for him to read the cyphered page. Should you even en- 
deavour to explain the appearances to ſuch a perſon, as they 
occur; his want of the previouſly requiſite, fundamental 
knowledge, makes it impoſſible for him to comprehend 
your meaning. 

In conſiſtency with this general fact, it has been found; . 
that, whether in Books, or in Lectures accompanied with plex? 


ttempt to 


the exhibition of experiments; eyery attempt to teach the * 
ä D d 2 | more 
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422 | Preliminary Obſervation. 
Boox IX. more! complex applications of Chemiſtry, withoot, fitſt, 


Sker. 1 


Wi explaining its general elements,—is, unavoidably, em- 
compley barraſſing, diſguſting, and very imperfectly inſtructive to 


opera" the learner. A few examples would have happily illuſ- 


try before trated and enforced the general truths. In the mazes of a 


its general 3 | "Is 
elements bemultiplicity of examples and great complexity in each 


* particular caſe; the unwindings from the clue of Science, 
were ſoon loſt to the ſtudent's inexperienced eye. 
3. For theſe reaſons, it has been endeavoured in the pre- 


—— ceding part of this work, to explain the principles of 


in thiswork. Ohemical Science; without bewildering the reader in fre- 
= = quent and tedious digreſſions into the detail of the chemical 
arts, or into thoſe curious applications of Chemiſtry, in which 
it is employed to explain the great phœnomena of Nature. 


8 Vet, without the explication of theſe phœnomena, and 
eee of of the Arts in which Chemiſtry adminiſters the moſt to 
applica- 


tions of the uſes of life, ſuch a work as the preſent would be 
Since, egregiouſly defective. In this place, therefore, we enter 
— upon the conſideration of the moſt general Chemical 
Lavrs which reſpect the ſtructure of the earth, the vari- 
ous appearances of the atmoſphere, the changes of vege- 

tation, and the functions of animal life. The more com- 

plex, chemical arts, of Agriculture, Dyeing, Bleach- 

ing, Tanning, Pottery, Mining, the Making of Salt, &c. 

fall, alſo, to be here deſcribed, The difficult Analyſis of 
Mineral Waters, comes into the ſame claſs of the more ge- 

neral applications of chemiſtry. The arts of Brewing, 
Diſtillation, Sugar-baking, and the preparation of Wines, 

2re to be briefly treated of, in the ſame concluding divi- 
Aton of this work. | 


SECTION 


Chemical Geology. —— 


SECTION FIRST. 


br THE INFLUENCE OF CHEMICAL LAWS IN THE 
 $TUCTURE AND EXTERIOR APPEARANCES OF 
THE EARTH. | 


Tus material Univerſs preſerits itſelf 1o- enkitged noon bt 


human obſervation, as an immenſe aſſemblage of ſyſ- Ser. I. 
tems within ſyſtems ; each complete in itſelf, yet con. 
need by numberleſs relations, with all around it; a OO 
larger {till including a leſs, till all matetial Nature is, in verſe, 
the laſt grand reſult, comprehended in—Onzs WnoLE. 

The laws of this vaſt Univerſe, can be ſtudied by us, ur > non 
only in its inferior ſubdiviſions. We conceive of it, agtarySyſtem. 
ſubdivided into planetary ſyſtems. Comets are the only 
agents of combination among theſe ſyſtems, with which 
we have any tolerable acquaintance, It is from the con- 
ſideration of the appearances of that particular planetary 
ſyſtem to which our EARTH belongs, that all our 
ſcience concerning the laws of material Nature, is de- 
rived. Of the other planets and the Sun around which 
they move ;—we know little more than ;—that a central 
GRAVITATION, proportionate to the maſſes and the 
ſquares of the diſtances, makes the parts of this 
planetary ſyſtem, tend, in motion, to their common 
centre ;—that, on the other hand, the continual ef- 
fort of matter to diffuſe itſelf into its primigenial atoms, 
throughout the vacuity of ſpace,—oppoſes—to that cen- 
tral gravitation, —a centrifugal motion, which, by its con- 
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424 Chemical 
Boox IX. teſt with the former, produces the different movements of 


N planets, in their orbits, and round the Sun; and that 


all the varied appearances of theſe movements, are ſuſcep- 
tible of being obſerved and recorded with ſufficient pre- 
ciſion, by the vigilance of Aſtronomy. 


wk But, when we confine our views to the EARTH which 
ec 


| andthe laws we inhabit, we diſcover the operation of a greater di- 


— mh +verſity of laws We perceive—an atmoſphere of rial 


8 impalpable ſubſtance,—a fluid ocean with numberleſs 
changes are ſtreams of cold liquid matter, tending, with great activity, 
carricd oo. to inceſſant motion, —a ſolid globe of which the aggre- 
gation, is, through all its parts, conſiderably fixed, and not 
without a ſtrong force of impulſe, to be deſtroyed. We 
ſee, now, the force of gravitation, — now an attraction be- 
tv ven the intimate component particles of bodies, which 
has the name of Chemical,—now the powers of Electri- 
city, and now thoſe myſterious relations which are called 
Alagnetical,—all concurring in the varied changes which 
take place in inanimate and unorganized bodies. We ſee 
the things of this material globe intermingled together,— 
particularly in the interior ſtructure of the EARTH, in- 
termingled often in a diſorder, of which neither preſent ap- 
pearances, nor any conceivable modification of the action 
of any one of the great general laws, can afford a fati>fac- 
tory explanation, But, above all, we fee, that, in that inti- 
mate contact of parts, which takes place in the immediate 
mutual reactions of the component parts of the ſubſtance 
of this terreſtrial globe, —almoſt all other influences are 
abſolutely loſt in the predominancy of the Laws of Che- 

miſtry. 
4 I. If we contemplate the $0L1D PARTS of this GLOBE, 


Chemical 


view of u, diſtinct from the waters flowing on its ſurface, and from the 
folid parts, morc 


Geology. We” 425 


more ſubtle ærial matters, circumfuſed around it; we per- Book. 1X. 
_ ceive it to be arranged with an irregularity of diſtribution, — 
which may well excite our wonder, and fix our at- 
tention. 

Sroxks, SALTS, METALS, and the more ea- f. 
gerly COMBUSTIBLE bodies, —either in /aftideous or * 
mctallic aggregation, or elſe in a ſtate of comminution, 
in which that aggregation has been, for as much as was 
poſſible by mechanical impulſe, deſtroyed,—are its only 
proper, component, ſolid parts. With theſe, are, here and 
there, intermingled the remains of organized bodies, animal 
and vegetable, haſtening with a more or leſs rapid pro- 
greſs, into entire diſſolution. 

Of the ſtony matters, there are two remarkable claſſes : 6. 
(1). Rocks compoſed of /iliceous and argillaceous earths, = 
arranged together, at the moſt profound depths, or in the Rocks 

bowels of the loftieſt mountains: or (2.) Rocks com- 
poſed of calcareous earth, with various mixtures of ſilice- 
ous and argillaceous compounds, derived evidently from the 
decompoſition of the former. The firſt of theſe claſſes 
of Rocks, are by Mineralogiſts, denominated Px1MaR v, 
as being ſuppoſed to be prior in origin. The others are 
called SECONDARY. The PRIMARY Rocks are far 
from uniformly exhibiting either /i/iceous or argillaceous 
earth in homogeneous and unmixed ſtratification. They 
preſent theſe elements,—in columns almoſt vertical, or in 
ſtrata, more or leſs perfectly horizontal in their diſpoſi- 
tion, combined with ſalts, contaminated with metals, 
blended together in an Endleſs diverſity of compoſition, — 
having metals diffuſed in veins, throughout their ſtrata, in 
a great variety of circumſtances, —and exhibiting, alſo, an 
intermixture of other earths of the s£conDARY charac- 
ter, ou SECONDARY Rocks * always —in ſtrata 
of 
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Chemical 
Boox IX. of horizontal direction more or leſs perfect; and preſent 


In ET — * ealcareous ſtone, holding animal and vegetable petriſac- 
3 tions in its ſtructure, indurated clays in which animal 
f remains are equally intermingled, or grit ſtones in which 
: filiceous ſand is often mixed with argillaceous earth : 
| They are, alſo, interſected by veins of coal. Would we 
find PRIMARY Rocks ? we muſt look to the heights of 
Caucaſus, to the Alps, the Andes, aad all the other lot- 
tier mountains, whether in iſlands or in continents. The 
SECONDARY ſtrata occupy the lower regions of the ſur- 
face of the EARTH, but deſcend not to that extraordi- 
nary depth at which it is uſual, in conſequence of general 
experience, to look for ſiliceous matters alone. Freeſtone, 
lime, and pit-coal are uſually found to exiſt together,— 
becauſe they are, all, grand ingredients 1 in the SECON- 
| DARY ſtrata. 
7. Colour, denſity, hardneſs, the appearances of their frac- 
ſhe peer tures—when they are broken, the arrangement of their 
wha way columns, ſtrata, nodules &c., their chemical compoſition, 
| &c., afford a variety of means, to enable us to-diſtinguiſh 
all the diverſities of theſe ſtones from one another. Che- 
mical diſtinctions form the grand and moſt permanent 
characte:s. The inferior, more obvious, and more un- 
certain ones are of a different nature. 
= That $1LiCE or filiceous earth, of which the chemical 
—— have been above deſcribed, ſcarcely exiſts any 
where in Nature, in a ſtate of perfect purity. Quartz, a 
glittering white ſtone, compoſed of layers of cryſtals,— 
and Rock-cry/tal, which is found on the ſurface of rocks, 
in a cryſtalline form that has, to the ignorant, the ap- 
pearance of being artificial, - are thoſe natural forms, in 
which this earth ſeems to be the pureſt. Jaſper, porphyry, 
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Pr eſen 


flint, all thoſe which are called the precious ſtones, 
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Geology. 


pteſent Alice, variouſly coloured by metals, and mixed 
with clay, magneſia, or barytes. It preſents itſelf in a 
thouſand diverſities of compoſition, - though never abſo- 
lutely pure. Iron, of all the metals, mingles in it, and co- 
tours it, the moſt frequently. Sometimes it is in columns, 
and ſometimes in a ſtate approaching rather to horizontal 
frratification, often in nodules. Granites of a compo- 
ſite formation, are one of its moſt common ſpecies. But 
theſe granites are ſtones made up of the comminuted frag- 
ments of various other ſimple ſtones. In its compoſitions 


447 


Boox IX, 
Ster. I. 


— 


with clay, it is, alſo, baked in many different orders of 


compoſition: and the firſt compounds have often, too, 
been comminuted, and again cemented together, in many 
different ſorts of rock. In a ſtate of extreme comminu- 
tion, too, this /ilice often appears, in natural clays: and 
it is to be found in different ſtates of vitrification into 


which it has been reduced by fire _—_y _— it, while 


it was in contact with alkali. 
ARGILLACEOUs EARTH predominates in thoſe ſtrati- 


9. 
lace- 


fied ſtones which are called ſchiſtus, ſlate, &c.; is abun; cu Rocks. 


dantly mingled in thoſe natural clays which are diſperſed 
on the ſurface of the ground, as the immediate ſupport 
to the growth of vegetables; exiſts in ſmaller propor- 
tions, in almoſt all the ſtones of the Siliceous Genus; and 
ſeems to have a tendency to appear rather in horizontal 


ſtrata than in columns, in thoſe rocks in which it predo—-— 


minates ; yet is apt to be poured out from volcanoes, in 
lavas, which, cooling, ſhall aſſume the form « polygonal 
and vertical columns. 


CALCAREOUS Rocks are very plentifully diffuſed 


0 


iroughout the exterior ſtrata of the whole globe. They Rocks. 


exiſt often in ſtratification ; have uſually large proportions 
of 
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| Chemical 


Rook IX. of carbonic acid fixed in them ; preſent alſo frequent in- 


* termixtures of animal remains. Spars, i incruſtations, ſta- 
lactites, are native compounds of lime with carbonic acid, 
which preſent themſelves in the crevices, and on the flat 
| furfaces of rock, or are hung, by depoſition ſrom water, 
on the roofs of caverns. The ſtrata of marbles, and thoſ: 
of common limeſtone, exhibit the greateſt maſſes of cal- 
careous matter. There are alſo rocks of gypſum or na- 
tive ſulfate of lime, in which the lime is combined with 
ſulphuric acid. In the depths of the earth, it is occaſion- 
ally found in combination with fluoric acid. With tunſtic 
acid, it forms that which has been called tunſtate of lime. 
It is found in ſtrata of marles, variouſly mixed with the 
other earths, argillaceous, ſiliceous, barytic, and magne- 
ſian. Only in the vicinity of volcanoes, is pure native 
quicklime, to be met with. Wherever we find ſtrata of 
calcareous rocks,-quarries of freeſtone, and ſtores of pit- 
coal are uſually expeCted to be found near. In fituations 
which have been anciently covered by the waters of the 
ſea, —incumbent upon filiceous and argillaceous rocks,— 
intermingled in the intimate ſtructure of the ſtone with 
filiceous or argillaceous earth,—ever in circumſtances 
which beſpeak their formation to have been poſterior to 
that of the ſiliceous and the argillaceous rocks, and the 
metals,—are calcareous rocks to be ſeen. If ſiliceous and 
argillaceous rocks be found incumbent upon ſuch as are 
| calcareous ; there are ever ſure indications that ſome extra- 
ordinary convulſion poſterior to the formation of the cal- 
careous rock, has produced this arrangement. 

The. MAGNESIAN, the BARYTIC, and the other 


agnclan, earths appear, for the moſt part, in ſmall quantitics,— 


Aeagne/ia often in aſſociation with ſiliceous ſtones,— 


barytes 
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Geology. 429 
barytes, in a ſimilar- ſtate of combination or diſtribu- Boox 1X2 - 
ion,—the others, alſo, in alliance with filice,—except = 
only ſtrontiana which appears in ſituations, in which lime 

is naturally to be expected. They never exhibit them- 
ſelves in extenſive ſtrata ; and they are not, any more than 

the fixed ALK AL1s, to be regarded as grand principles in the 
compoſition of the whole maſs of the earth. 

The METALS preſent themſelves” in affociation with 13. 29 
the ſiliceous matter of the globe. In compariſon with 4 11 
the earths, they compoſe but a ſmall proportion of its maſs. 
Iron and copper, but eſpecially the former, are very plen- 
tifully diſperſed at the ſurface of the Earth, as well as in 
the intimate ſtructure of very many rocks and ſtones. 
Gold, filver, tin, and the other metals, are more rare. 
Lead is conſiderably abundant. Like the earths, the metals ; 
are ſeldom found in Nature, in any large quantity, in a Ng Vi 
pure ſtate. They aſſume, all, a wonderful diverſity of 
phyſical characters. | 

SULPHUR, phoſphor, diamond, hydrogen in a fold — 
form, are diſperſed over the globe, in quantities much OY 
ſmaller, than thoſe of the ſubſtances above mentioned. 

Sulfur is found in the vicinity of volcanoes. © Diamonds 
are found imbedded in ſome few mines. The other two 
ſubſtances are to be looked for in compounds. 

DiaMoND, not in its pure form, but in its oxygenous 
combinations of coal and carbonic acid, enters very exten- | Ec 
fively into the compoſition of the ſecondary ſtrata of the 
globe. In the various forts of fait-coal and of bitumen, its 
carbonaceous ſpecies is joined with hydrogen. In the 
purer 6:tumens, the combination of hydrogen and carbon, 
in pit-coals, the carbonaceous form of the oxygenated 
DIAMOND, is the principal ingredient. The ſtrata of fit- 
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430 | Chemical 
Boon IX. coal, as of feat and twrf, are, in every region of the ip 
WAA extenſive. They enter largely into the "compoſition of 
| thoſe which are accounted its SECONDARY ſtrata, Coal 
is ever more or leſs nearly aſſociated with calcareons rocks, 
Lime ſtone contains, very generally, a large proportion cf 
_ carbonaceous matter. Sulhhur is, in compounds, very 
copious in the mineral ON. of mr Tut forms no 
vaſt ſtrata by itſelf. 
„ | The aurauns 2 Aeips, except S * or no- 
3 tron, and ſome metallic acids, are ſcarcely to be found pure 
in Nature, In combinations, they occur more frequently. 
Common ſalt or muriate of ſoda is dug in extenſiye mines, 
in Poland, Hungary, and other countries. The metals 
appear every where, throughout Nature, in combination 
with the acids. There are many native aluminous and 
calcareous neutral ſalts, compounds into which the acids 
always enter. /Magnefia and barytes 8 occur, but in 
acid combinations. 

Such ate the component parts of the frudture of the 
whole ſolid earth, for as one” as-it has, yet; become 
known to man. 

TH II. But, WATER; the aka of wag with OXY- 

— A, che gen in the proportion of 0,15 parts of the former to 0,85 
globe. of the latter, forms a large part of the matter toward the 
ſurface of the Earth. It is diffuſed in the ocean, in lakes, 

in rivers,” in ſprings. It exhales in vapours. It is con- 
denſed in rains, hails, ſnows, and dews. It is diſperſed 

by its ſubtle inſinuation, and by its continual tendency to 

an equilibrium, over the whole ſurface of the globe. 
Within the range of temperature between 32“ and 2129. 
Fahrenheit, it retains its natural fluidity, and diſſolves any 

other ſubſtance that is capable of being attenuated to nearly 

the 
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with it. In the ocean, it contains ſuch a quantity of 
magneſian and alkaline falts, as is ſufficient to prevent the 
noxious, putreſcent diſſolution of the innumerable bodies, 
animal and vegetable, which are diſperſed in it. In rivers, 
it carries down earths and metals in its courſe. In thoſe 
which are called mineral /frings, it holds in ſuſpenſion, in 
ſolution, or in combination, metallic and ſaline bodies of 
all ſorts, ſulphur, bitumens, &c. Bitumens float on it, in 
certain lakes: And it has been, in the ſame manner, 


43r 


the ſame ſpecific weight. Salts, metallic matters, earths, Boox IN 
Ster. I. 
even airs by extraordinary condenſation, hence mingle 


found to hold in ſolution, boracic acid. Its diſtribution 


over the earth, in that particular manner in which we ſee 
it, appears to be owing—to the inequalities in the earth's 


ſurface, to the inceſſant tendencies of this fluid to a ge- 


neral equilibrium,—the varieties of denſity in the diffe- 
rent terrene bodies among which it paſſes, the influence 


of the diſperſion of rains, and the fluctuations of the at- 


moſphere,—the occaſional decompoſitions and compoſi- 
tions of water, which are effected by the chemical ener- 
gies of Nature,—the agency of the electrical fluid, the 
management of human art,—the exiſtence of cavernous 
reſervoirs and volcanic fires in the bowels of the earth, 
—and the force of the diſtant attractions of the moon and 
other planetary bodies. Its quantity may have been at 
different times, augmented or diminiſhed, by great con- 
yulſions of this globe. But, it is exceedingly probabley 
that; in the ordinary courſe of Nature, the quantity of 
| the aqueous part of the globe, paſſes, indeed, through 
continual * yet is neither augmented not dimi- 
Aled, 

III. 
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Boox IX. III. Around this earth and water, to 2 conſider. 
—_— but uncertain height, is circumfuſed an ATMos. 
16. PHERE of matters rarefied by caloric into that which has 
—— — been called a ſtate of gazeous fluidity. This atmoſphere 
— is, as it were, one vaſt ocean of airs. Its ordinary con- 
ſtituents are Gas- oxygen in the proportion of 0, 27, with 
Gas Axote in that of 0,73. But, carbonic- acid. gas in 
8 large quantities, and contiguous to the ſurface of the 
Earth, —Gas-Hydrogen likewiſe in large quantity, and in a 
ftate in which it tends continually to riſe to the extreme 
height of the atmoſphere, water in various ſtates of en. 
frorization, all the gazefiable acids in a gazeous form, and 
in greater or ſmaller quantity, Ammoniac-gas,—ether, 
—and alcoho[/—are alſo diffuſed in this vaſt expanſion of 
eriab matters. With theſe are intermingled portions of 
eyery ſolid or aqueous matter that, in extreme comminu- 
uon, is capable of ſuſpenſion in air. Earths, metals, alkalis, 
neutral ſalts, mixtures of earths with alkalis, &c. are all, 
in various portions, diſperſed through the lower regions 
of the atmoſphere. Light, caloric, and electricity, are 
continually tranſmitted through this atmoſphere, or re- 
tained in it, according to their reſpective laws. Thoſe 
ſecondary elements, too, which form the immediate prin- 
| > ciples of animal and vegetable bodies, are, in fmaller or 
4 larger portions, often evolved into the air. It is not im- 
poſſible but that, in thoſe upper regions of the atmoſ- 
phere, which are removed above the reach of human ex- 
periment, there may exiſt gazeous fluids ſomewhat diffe- 
rent in character, from any of thoſe with which we are, 
as yet, acquainted, 


Lows þ This mingled aſſemblage of — matters, thus 
which io diffuſed around our globe, is, by its diſtance from 


the 


| Geology. 


attractions, whatever they are, of the Sun, Moon, and 
other planetary bodies. It is ſubject to be particularly af- 
fected by the heat and light tranſmitted from the Sun and 
Moon. It is influenced by thoſe changes which are con- 
ſtantly going on in the waters, at the ſurface, and even 


in the bowels of the earth. Within itſelf, from the mix- - 


ture of ſubſtances which it contains, new commotions in- 
ceſſantly ariſe. Its component parts are in that ſtate of 
matter in which the chemical attractions act with the 


ſmalleſt oppoſition ; and innumerable chemical changes 


are, on this account, for ever taking place throughout 
all the ſtrata of air by which this ſolid globe is fur- 
rounded. | _ 

In conſequence of this compoſition and theſe relations 
of the atmoſphere, it exhibits a number of grand H- 


far from being, all, as yet, ſufficiently underſtood. A 
variation in the relative qualities of its ingredients, is one 
of theſe PHENOMENA ; and, by it, gas-oxygen, gas-aZotey 
carbonic-acid-gas, gas- Hydrogen, &c. exiſt, each, in an 
extraordinary proportion. now, in ti is place. now in 
that; rendering the air here, noxious to animals and ve- 
getables.— there eminently ſalutary, —in its lower ſtrata, 
more denſe and ponderous, in its upper ſtrata lighter, 
more fluctuating, more apt for the tran{miſhon of light 
and caloric. The variation in the relative quantities of the 
ingredients of the atmoſphere, is, in ſhort, a principal fat 
in the production of almoſt all the remarkable changes 

Ee | which 
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from the centre of the earth, and by the compara- Boon IX. 
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tive feebleneſs of its aggregation, neceſſarily much more , , 
liable than the earth and water, to be agitated by the 4 


18. 


Its moſt 
ſtriking 
NOMENA, which are the ſubjects of conſtant obſervation, phænomena 
but of which the ſucceſſions and the ſubtle relations are 
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2 which take place in it. Even this alone would be fuß. 

dient to give riſe to moſt of the mote intereſting appear. 

; ances which it forces upon our notice. The different den. 
Fities and gravities of its different ingredients, conſtitute 
perhaps the ſecond moſt ſtriking thing to be confidered in 

keſpect of this atmoſphere. Light, caloric, eleQricity 
acknowledge not the fame laws of gravitation which go- 
vern the movements of its other component parts: Calo. 
Tic, however, in its union with the various gazeovs baſes, 
In various proportions, produces all that diverſity of 
weight and denſity which diſtinguiſhes the different firata 
of the air.—The influence of thoſe changes which are con- 
tinually going on, at the ſurface bf the earth, excites many 
commotions in theſe ærial ſtrata above it —The inequa- 
ities of that firface have a great influence on the air, as 
well as on the waters. Attractions and impulſes from the 
heavenly bodies, do much. Even the inceffant operation 
of the functions of animal and vegetable life, varies the 
| Nate of the atmoſphere, Chemical and electrical agency 

ſceins to do all the reſt. 

19- Thoſe commotions in this atmoſphere, which are called 
winps, depend upon—the inclination and the movement 
of the Earth in its orbit, the influence of the fon and 
moon,—the relative pofition of earth and water,—the 
charges and diſcharges, the courſes, and the equilibria cf 
the electrical fluid, - the chemical changes which conti- 

nually paſs in the fluctuating ſtrata of the atmoſphere. 
20. Water is raiſed in vAPoUR by fuch a ſolution of it in 
Vepoure 'caloric,—(a ſolution in which there is an actual chemical 
combination) —as renders it capable of mingling even 
with the lighteſt airs, without undergoing a 'Uivifion of 
its component principles. This vapour may be deſtroyed 


n 


54 
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in the atmoſphere by contact with bodies having a ſtronger Boon IX. 
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attraction for its principles, than theſe principles, in their. 
vaporous union, have for one another. Gas-azote ap. 
praaching this vapour in certain circumſtances, may at- peculiar 
tract away its oxygen, to form nitrous air. The more tec of 


; he ita 
the vapour is, rarefied by heat, the more liable is it to ſuf- of the wa: 


ter in the 


fer a chemical decompoſition in the atmoſphere. Perhaps, ammoſphere - 


in its laſt degree of rarefaction, heat alone may reſolve it 

into its component hydrogen and oxygen. Before it 

ſhall attain this degree of rarefaction, the heat holding it 

in ſolution may be artraſted away into new combinations 

zrial or electrical: And in this caſe, the vapour will be 22. 

condenſed, ſo as to occupy a lower ſituation in the air, or N. 

perhaps actually to fall in RAIN.—(Combinationt' electrical 23. 

—are here mentioned: for, it is ſtill extremely probable, Compog- 

that Electricity is nothing more, than a particularly modified EleQticity, 

combination af Light and Caloric : And, why may not theſe 

ſubſtances be ſuſceptible of different permanent combina- 

tions, juſt as well as—Hydrogen, carbon, and oxygen ?—) 

RA1X is, alſo, formed by the commixture of Gas-hydrogen 

and Gas oxygen in the atmoſphere, in circumſtances, in 

which the reciprocal attractions of the two baſes, are ſufſi- 

cent to effect their combination into water. Snow is Rain 24. 

reduced to a particular ſtate of cryſtallization : perhaps this 

cryſtallization is not effected without the addition of a por- 

tion of azate to the water. HAI is the ſame Rain in a 23. 

different ſtate of cryſtallization and agglomeration— 

with an addition of azote, no doubt, as well as in 

ſnow. Any perſon who remarks the different cryſtalliza- 

tions of ſalts, according to the difference of circumſtances, 

in which their ſolutions are evaporated, may eaſily un- 

derſtand how water comes to aſſume the different forms 
Ee2 af 
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Boox IX. of rain, ſnow, hail, and even ice. The laws of general 


Sor. — 


A gravitation, no doubt, add their influence to that of the che- 
mical attractions, in the production of theſe phœnomena. 
Whenever rains are accompanied with much warmth— 
beſpeaking the evolution of much caloric ; they are, then 
probably occaſioned by a' new formation of water from 
gaſes, in the clouds. The colder rains are effected by 
the mere condenſation of aqueous vapour, that was, before 
conſiderably denſe. Electricity is copiouſly added to ca- 
loric in its different ſtate, in-the ſuſpenſion of clouds in 
the upper regions of the atmoſphere. The commotions 
neceſſary to preſerve the electrical equilibria between one 


| cloud and another,—or between the earth and the clouds, 
never fail to occaſion rains, becauſe, as appears in 


26, 
Thunder $s 


the experiment of forming water from gaſes, by the elec- 
ric ſpark,—elcCtricity carries with it, the caloric of the 
gaſes through which it makes its  pallage, or in * it 
has been detained. | 
THUNDERS are the indications which fignify to the 
animal ſenſe of hearing, thoſe chemical changes in the at- 
moſphere which are attended with the ſudden tranſition of 


caloric or electricity, in great quantity, from one ſtate of 


combination into another, wit /i the change of the other 
ſubſtances preſent, from a gazeous to a liquid, or from a 


liquid to a concrete ſtate, or vice verſa,—with the ſudden 


commixture of two volumes of matter which-were, be- 
fore, ſituate, apart, although contiguous to one another. 
Lichrxixcs, whether produced from Electricity, or 


Lightnings from the inflammation of Gas-hydrogen, indicate the com- 


bination between light and caloric to be, by whatever 
means, momentarily broken, and diſplay light in its ſepa- 


rate Nate, yet with an agency of both light and caloric 
which 


. 
Geology. 43y 


which is-peculiarly powerful at the moment of their diſ- Boon IX. 
union.  Meteorous lights and inflammations are well S * 
known to be generally produced by the ſudden inflamma- 4 
tion of quantities of Gas-hydrogen. — 
IV. A grand queſtion now ariſes, —/z what manner. 29. 
| was this Globe brought into the fireſent diſtribution of its Se 
farts,—and the fireſent relations and order in it changes ? 
In any attempt to reſolve this queſtion, we are to rea- 
ſon only upon the agency of its preſent laws. Where 
our reaſoning ſuppoſes data incompatible with them; it 30. 
muſt neceſſarily be falſe. - If we ſhould attempt to ex- - Geological 
plain what was prior to the eſtabliſhment of the preſent enquiries, 
phyſical and chemical laws of Nature ; we ſhall, of courſe 
exhibit only the moſt abſurd and unphiloſophical con- 


jedure. 
An origination of this Globe out of a Chaos was the zr. 


general belief of the Ancients. Mosks, in the beginning a 
of the Pentateuch, gives an account of a ſeries. of ſueceſ-and the an- 
| five changes which he repreſents as the firſt which took Greeks, 
place, from the moment at which matter was made ſubject 
to the laws it now obeys, to that æra, at which it was 
finally fit for the refidence and ſupport of animals, and 
had living inhabitants, brute and human, placed upon it. 
The Philoſophers of ancient Greece ſuppoſed the world 
to have originated—from fire, from water, from pri - 
mogenial atoms, having an inherent tendency to com-. 3 
dine in every diverſity of . to have had no * 1 

In — times, four different claſſes of 3 
have attempted to inveſtigate the circumſtances whichef modern 
muſt have attended the origin of our Globe. Divines 2'"n<%+ 
have tried to juſtify the truth of the account of Maſes by 
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dert. an appeal to the laws of Nature: But, Burner and other 


er. 


OM 


mers. 


3 Js 


. have been eaſily convicted of ſuppoſing primeval ſtates of 
things, utterly incompatible with theſe laws. The 4 fre- 
nomers have ſuppoſed, that the origin of the Earth in all 
its circumſtances, was to be accounted for by the ſubdi- 
viſion of the Sun, the action of ſome comet, or an altered 


arrangement of the ancient planets. The fofili/ts, loſing 


Toſſiliſts. themſelves in the conſideration of the ſtrata under the ſurface 


34. 


35 
Kirwau's 
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of the Earth, and the animal and vegetable remains depo- 


fited; among theſe, have ſuppoſed derangements and de- 


poſitions, ſuch as they could not have imagined to take 
place, if they had duly comprehended the relations and 
the general appearances of the whole. Of the chemiſts, — 
Some have imagined the action of fire upon ſolid matten 
already formed, to have produced tbe primitive earth, 
which they believed water to have afterwards altered to 
its preſent ſtate ;—Others have conceived the idea of a 
world perhaps without beginning, but, by the action of 


internal fires with volcanic orifices, continually lacerated, 


undermined, and ſubverted, with the conſtant riſe of a new 
earth the product from thoſe fires by which the former 
was demoliſhed ;—Others have fancied a continual flitting 
of the ocean round the globe, by which that which was 


lately land, becomes now the bottom of the ſea,—and 


that which is now covered by the ſea, is to become again 
dry land ;—And very lately Mr. Kizwan has publiched 
a work, in which he deduces the origin of the Farth 
in its preſent form fram a general aqueous liquidity of 
its whole matter, —ſuppoſes the operation of internal 
fires to have gradually opened reſervoirs for the waters by 
which the upper ſurface was made dry, and repreſents 3 
convulſion of the whole globe by which the Southern 
| SEES | Ocean 


Geology. „„ 


IP 


Ocean was forcibly impelled over the Northern Conti- Book IX. 


Ster. I. 


nents, as having produced whatever other appearances WE 
are not by the two former hypotheſes, explained. 
But, there is not one of all theſe ſyſtems, that is either 46. 


ſufficiently conſiſtent with the known laws of Nature,. — Impertef- 


or carried to the utmoſt ſimplicity in the beginning of former ' 
things to which our reſearches may, by due attention to 

thoſe laws, be guided. Let us try whether it be not poſ- 

fable to ſpeculate, here, more juſtly. 


1. Since Mater is but a chemical comſound; we may oN 


trace the origin of the exiſtence of material Nature under wo. - 2 


its preſent laws, undoubtedly, back ward beyond a ſtate of 

aqueous liquidity, And the ſyſtem of KIR WAN, is at 

leaſt imperfect, as not commencing with the extreme pri- 

mæval ſimplicity of things. 

2. For ſimilar reaſons, thoſe ſyſtems muſt, all, be con- os — 

felled imperfect, which begin with ſuppoſing the pre- 

yious exiſtence of a maſs of ſolids and fluids. And, under 

this cenſure, arg neceſſarily comprehended all the T, heories 

* Earth, prior to KIR WAN 's. 

It is the univerſal belief of philoſophers, that all 39. 
bh is diviſible into atoms, perhaps inhnitely g minute, AN 4 878 
At its creation, it probably exiſted in ſeparate atoms, — in 
before being aggregated into maſſes. The ſiryRure of 
every material body, all the changes to which we ſee 
matter ſubject, the comminution and diviſiqns effected by 
mechanical agency, and the ſolutions of other matters in 
water, air and caloric, concur to perſuade us, that even 
the denſeſt of the bodies which we now behold, muſt 
have originally, exiſted ip the utmoſt conceivable er 
lion of its parts. 
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, Boox Ix, But, if this be ſo, it cannot poſſibly have been water 


that was the firſt great ſolvent of all material things, 


© Water, @ comſiound ſubſtance, could not have exiſtence, til! 


A 


2 
f 
5% 


after the firimary matter had fraſſed through a number of 
changes. 

The only ſolution in which we have reaſon to ſuppoſe 
that elementary ſubſtances, ſimple and uncompounded, are 
capable of ſubſiſting, is that by caloric or heat. It is by 
caloric that all fimple ſubſtances which have been brought 
from ſolid aggregation to an aeriform ſtate, have been 
rendered capable of this change. We have even reaſon to 
ſuppoſe, that, whatever ſolid ſubſtances, ſuch as the 
earths, have not been gazified by the heat we have been 
able to apply to them, — have reſiſted this change,—only 
from our inability to employ heat in that intenſity, in 
which it would, aſſuredly, have expanded them to gas, 
Even bodies which we have not yet ſucceeded, ſo as to 
di ſſolve in caloric, have, however, been comminnted to 
a ſtate in which they were ſuſceptible of ſuſpenſion in 
gaſcs formed by the agency of caloric. Every ſucceſſive 
. diſcovery in modem chymiſtry, is continually diſplaying 
to us, a mutual convertibility between gazeous and ſolid 
ſubſtances, ſach as may, well, lead us to believe, that 
whatever is ſolid may have been gazeous, and may be 
again rendered fuch. | 

From all this, it follows, with the ſtrongeſt evidence 
which can, in this caſe, be obtained; that the firſt fate in 
which matter exiſted, under its fireſent laws, muſt have been, 
in univerſal gazification by Light and Caloric. Caloric, 
Light, and the elementary principles which were to be modi- 
fied into the various other ſpecies of terreſtrial matter, were 

* the 


Geology. 44r 
the only material ſubſtances then in exiſtence. Theſe dren Is 
were to be diverſified and combined into all that variety 
of matters with which our ſenſes are acquainted. In the 
firſt formation of matter, even Caloric, and the other pri- 
mary atoms, were without diſtinction of character. But 
they muſt have been diſtinguiſhed, before theſe laws 
could take place, to which we ſee matter ſtill ſubject. 
4. The next effect in the formation of the earth, was, 


probably, the impoſition of that gravitation towards the Te cp 


common centre of what was to become the Earth. — irie. 
which ſtruck a large portion of the lumen and caloric from 

the combination in which they, before, exiſted, with other 
matter, re- united them in a particularly modified combi- 

nation, as electricity, —or perhaps diſmiſſed this ſuperfluous 

quantity of lumen and caloric, to their proper reſervoir in 
the ſun. : 

5. At the ſame moment, the new gravitation, —accord- 8 
ing to the differences of local poſition of the gazeous eben 
matter, in which it was infuſed, — and according to the di- Attrattion, 
verſities in the extrication of the lumen and caloric.— 
would neceſſarily occaſion thoſe varieties in the configu- 
ration of particles, and the aggregation of maſſes, upon 
which, all the permanent differences in the figure, denſity 
and ſubordinate, mutual relations of material _—y were 
deſtined to depend. 

6. The coming into mutual — of the Atferen 42. 
frimary fimſile matters which had the moſt powerful, — Solids, 
mutual attractions, would neceſſarily produce comfiounds ( 23 
of two, three, four, and five principles. Hence, a train of © 
natural proceſſes of compoſition and decompoſition, by 


which, in a ſort of conteſt between the chemical attrac- 
tions and general gravitation, was produced that apparent 
diſorder 
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Boox IX. 
Sucrx, 1. 
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Gescher in the maſüve naixtures of ſubſiznces, and in the 


diſpoſition of their ſtrata, which philofophers have been 
the moſt puzzled to account for. 
In this conteſt between the chemical attractions and 


general gravitation, - which muſt have taken place, at the 


inſtant when thoſe attractions began to exert themſelves 
in the formation of chemical compounds; - the particles ot 


iron were intermingled with the earths, into whoſe rocky 


aggregatious it enters the other metallic ſubſtances 
were formed and ĩrregularly ſcattered, as we find them ;— 
the earths werecuriouſly blended together; Acids, — neutral 
falts,—diamond,—water from the combination of hydro- 
gen with oxygen, &c.—were at the ſame time formed. 


Minute of 4. In theſe effects, three great agencies muſt have been 


Solids, Flu- 


ids, and principally employed. 


Caſcs. 


44 
Laßt 


Above all others was that of cALoR1 i SI 
not at all-excluded from any ſolid, however denſe and 
ponderous,—entering into the compoſition of all the ſofter 
fluids,—by its combination with water and other fimilar 
bodies, the principle of liquidity,—in its unions, the prin- 


ciple on which alone, depends the power of matter to 


ſubſiſt in a gazeous ſtate,—tending continually from the 
earth's centre, towards the centre of this ſolar ſyſtem, — 
but by its union with light, by its accumulation together 


tion of the With light in electricity, by its combinations in gaſes, fluids, 
3 nd ſolids, by the conſtant re- infuſion of it from the fun, 


ſugal 

ers © this 

- Planctary 
iyſtem. 


- preſerved to be the grand principle of ſalutary change and 
movement throughout this globe, M hat fo wonderful as 
the combination of HEAT or CALORIC—9 matter that 
continually tends from the centre of this earth, —with LIGHT 
or LUMEN—a matter which tends inceſſantly towards it ? 


{s not HEAT by its conſlamt tendency to eſcape ion 
this 


Gab 

this EARTH towards the SUN, the true firincifile of the gra- 
vitation of this planet towards that Luminary ? On the 
contrary, the-tendency of all the other matter of this globe to 
the Earth's centre, —with the general original tendency of 
all matter to diffuſe itſelf through empty ſpace, — do nat theſe 
two tendencies jointly, conſtitute that centrifugal pawer, by 
which the centripetal force of the fiery part is fili refiſted; 
and the courſe of the Earth in its orbit, duly regulated ? — Arg 
there not in this planetary M em, or even in the whole uni- 
verſe, Hut two ſpecies of elementary matter ; of * which one 


may be called SOLAR, which is CALORIC, and tends tall ts 


the centre of the SUN,—while the other, TERRENE or PLA» 
NETARY matter, tends to the reſpective centres of the dif+ 
ferent planets, and the mixture and relative arrangements 
of theſe two matters, neceſſarily produce the mutual attractiant 
and relative movements of the Sun and the planets ? But, 
however all this may be; the ſudden excluſion of caloric 
from ſome matters, its retention in others, the various de- 
grees inewhich it was retained in combination with this or 
that modification of matter, and its inceſſant paſſages by 
the laws of chemical affinity, out of one matter into ano» 
ther, muſt of neceſſity have effected much of that com- 


mixture of bodies ſimple and bodies compound, that ne- 


ceſſarily took place in the primitive formation of the earth, 


and is now a matter of perplexity and admiration to the 


minds of philoſophers. 


The aerial or gazeous compounds of other matter with 


light and caloric, by their eaſy chemical formation and 


cdecompolition,by their amazing expanſibility and con- 


preſſibility. by their eaſineſs of mechanical mixture with 
other ſubſtances,— muſt naturally have acted a remarkable 
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Ker part in the compadting of the globe of the earth ot i 


Scr. 1 


_ Chemical 


— - formation. 


Water, and the other liquid compounds, by their 
powers of expanſibility and ſolution, would neceſſarily do 


almoſt all elſe that was to be done. In wapour, water 


vo would intermingle in the baking of metals and primary 


45+ 


Abſurdity 


eral fire, 


* 


of the no- 
tion of cen. 


rocks ; in its liquid form it would hold in ſolution thoſe 
particles which were to be depoſited in aqueous ſtratifica- 
tion; in its compoſitions and decompoſitions, in its tran- 
fitions from one ſtate of fluidity into another, it would ac- 
compliſh the moſt important, and thoſe which now ſeem 
the moſt unaccountable of all its effects. Nothing can be 


more probable, than that in many of thoſe inſtances, —in 


which one c/a/s of philoſophers ſuppoſe the ſtrata of the earth 
have been produced by the operation of fire, - while anz- 
ther claſs aſcribe their origin to water, — the agents were 
caloric—gaſes—and water, acting in compoſitions and 


decompoſitions, ſomewhat different from any in which we 
are accuſtomed to ſee them employed Water muſt have 


been ſuddenly compoſed in very great quantity by the 
union of oxygen and hydrogen, which muſt have been 


before diffuſed in immenſe proportions among the mate. 


rials of the earth. 


. The ſudden oxygenation of all theſe natural bodies in 


which we find oxygen combined, muſt have contributed 
much to the other effects which were produced in the firſt 
conſtruction of this univerſe, 

8. Nothing can be more abſurd than the notion of thoſe 
who fancy, that the middle, interior part of this ſolid 
globe, may poſſibly be filled excluſively with fire. Fire 
is diſcernible by human ſenſe, not while it is in com- 
bination, but only while it makes its eſcape out of 

one 


. Geology. 445 

combinatioh into another. In its f permanent, BO UN 

ſubſiſtence, it is ever in combination with ſome matter, — — 
or in a different form. Did it exiſt in the bo wels 

of the earth, in a free uncombined ſtate, or in a ſtate of 

continual tranſition; its ſubtilty of nature, and its power 

of commuicating that property to thoſe ſubſtances with 

which it combines, would, of neceſſity, enable it to force 

its way in great part, from that ſituation towards the ſur- 

face. In combination in gaſes, it cannot poſſibly ſubſiſt 

ar the centre of the earth: for, if the force of terreſtrial 

gravitation, could ſuffer any thing gazeous to remain un- 

condenſed at the centre; yet, that gazeous matter would 

by its ſubtilty, under the ſtrong compreſſion to which it 

muſt there be ſubjected, - unavoidably make its eſcape 

to the ſurface. Yet there are, no doubt, in the boſom 

of the earth, ſtores of oxygenous and of oxygenable ſub- 

ſtances. Wherever theſe are acceſſible to any other de- 

compoſable ſubſtance, which contains caloric in large 

quantity ; a combuſtion may be excited, and an expanſion 

of gazifiable matters may be produced. Hence the origin 

of volcanoes and earthquakes. But, nothing could be 

more fooliſh than to conclude from this, that there are 

prodigious ſtores of fires in the bowels of the earth. The 

fire which gives occaſion to earthquakes and volcanoes, is al- 

moſt always from the ſurface. , 

9. It is probable that, by the operations above enume- 45. 
rated, this ſyſtem of earth, water, and airs, was finally a, 4 
prepared for the reception of animals and vegetable; Venables 
At firſt, it was probably furniſhed with but a ſmall number | 
of vegetables, and thoſe ſuch as could the moſt eafily de- 
tive their nouriſhment, directly from unelaborated ſolids, 
gaſes, and liquids, Their number might beſoon augmentedy 

and 
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. Chemital 


Book IX. — over the! whole globe. Animals were 


Ser. 1. 


probably poſterior in origin to vegetables. It is reaſon. 
ſpecies, might be created in maturity of ſtrength, bulk, 
and 1 deſtined do continue their race * genes 
ration. 

10. It appears, beer Gita the- nn 
thoſe which are called the ſecondary ſtrata of the Earth; 
that, ſince it was clothed with vegetation, and inhabited, 
it muſt have experienced ſome grand convulſion. The 
calcareous; carbonaceous, and bituminous ſtrata exhibit 


remain of animal and vegetable - ſubſtances, which could 


not be depoſited till after the Earth and Seas had been long 


_ furniſhed with animals and vegetables. Even on ſituations 


where, of all, they are the leaſt to be expected, we often 
find the exuvie of marine animals. Deep in the foſſi 
ſtrata of the northern regions, we meet with remains of 


animals which are believed to have been, at all times, in- 


capable of ſubſiſting in the temperature of thoſe elimates 


How have theſe things been produced? 


None of all theſe appearances are ſuch as to beſpeak 2 
continual decay and reftitution of this globe from eternity, 
by a ſucceſſion of convulſions after certain intervals At 
the utmoſt, one extraordinary convulſion may have been 
ſufficient to produce the phænomena. It is probably an 
account of ſome of the appearances of that grand con- 
vulſion, which we have in the nnen of Noahs 
flood. 

That nd Deluge might have its origin in the ap- 
pulſe of fome comet, or in ſome derangement of the 
fyſtem of the heavenly bodies; or it might originate 


- 


cauſe was molt probably==the ſudden confroſition of Was 
TER, either by the expanſion of KY DROGEN and OXYGEN 


into combination out of a ſolid, ſcharate, /impile flate,—or 
by the condenſation of the ſame ſubſtances into WATER; 


while their CALORIC was abftrafted by the 2azification of 


ſome other matter, fr hai DIAMOND, which might exiſt in 
large quantity, after the firſt ſolidification of matter, and 
might be .now for its greater fart Yarefied int CARBONIC 


ACID, never to nr of le, 


ſimple DIAMOND. 

By this means, the new forms of WATER and Cafte 
BONTC Alp, ſufficient DEL U OE would be enſily fro 
duced. The - carbonic acid, mingling with the water 
would aftonifhinply increaſe its bulk. Ca Lore, in tie tram 
fitions throuph which it "would neceſſarily fraſs, in the o- 


duftion of theſe ſirnomena, would at a mighty and im 


fortant ſiart towards the general convul/ion of the Deluge. 
In that convulfion, Animals might be driven from one re- 
gion, to another the moſt diſtant from it the exterior ſtrata 
of the Earth might, even to a great depth, be deranged; 
—whatever of thoſe mingled effects of the agency of fre 
and water which ſtill confound the inveſtigation of phi- 
loſophers,—had not been produced at the firſt formation of 
the Earth, might now be accompliſhed. 


When that DELUGE ceaſed ; its ceſſation muſt — 
followed, in conſequence of a decompreſition of the mingled 


WATER "ant ehren ACID by which it was vects 
fromed. | 


— Quick-lime is nothing but ___ ma emerete fate 


Nor 


merely in a conyalſion by which che earth alone was al. 80x IX, 
fected. However theſe things may be; its immediate — 


28 2 
23 


ak * " » 2 
„ * * . 
. = £- 
F fo > 7 1 # * W » v 
3 ia, = 
* * 1 


. » 
PRES 
** A 


"SL 
1 
+ 
72 : 
N. 
54 
4 
* : [4 
| 9 
1 
15 


CATS... , — 
n 


neee 


f 
| 
(* 
| | 
5 
* 
© 


hon. THe 


- 


of 
— 
Rocks and 

Fu- coal. 


Chemical 


Nor aber fats aught but particular modificz. 
tions of this ſame principle of oxygen in concretion. In 


that decomfpuſition of water, and carbonic acid, therefore, 


which was neceſſary to the deſiccation of the ſurface of the 
Globe,. te oxygen, moſt firobably, furniſhed in conjunction 
with a fart of the carbon, and with animal ern 
deſiaſited in it, —thoſe STRATA of CALCAREOUS mat- 
ter which are ſo extenſively diffuſed over the Glibe, 
The ſtrata of e1T-COAL were now, for the firſt time, 
reduced by the union of carbon from the carbonic acid, 
with a firoportion of the oxygen ſrom the decompoſition of 
the water, and another firoftortion of its hydrogen. Bi- 
TUMENS were firoduced in various ſtrata, by the union of 
Aydrogen from the water with carbon from the carbonic 
acid. The proportion of hydrogen in water, is ſmall, in 
compariſon wich that of oxygen: And, therefore, the 
quantity of hydrogen fixed in bitumens, fiit-coal, &c. is 
mach ſmaller than that of the oxygen fixed in calcareus 
It is probable, that, the Caloric evolved while the ceſ- 
ſation of the Deluge, reſtored theſe matters to their former 


ſolidity, might be again ſtored up in the grand reſervoir 


of Electricity, from which it had been extricated in order 


to act in thoſe mighty changes. The laws of general gra- 
vitation, the attractions of the planets, che progeſs of the 
ſeaſons, the conſtant movement of the Earth i = its orbit, 
would do the reſt. 

When the DzLUuGE ceaſed, the preſent atmoſphere 
was compoſed ; the ſeas, the lakes, the rivers, began to 
flow, as they have ever ſince done ; the ſurface was pre- 


. Pared to nouriſh vegetation, ſuch as has fince grown upon 


it! 


Geology. | 449 
it ; there were till preſerved abundant ſeeds of vegetables; Book Ix. 


the race of animals had not been wholly deſtroyed. A . I. 


few petty convulſions have effected whatever conſider- 


able changes have {ance taken place. 
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SECTION SECOND. 


APPLICATION OF CHEMISTRY TO THE PHCOEN0- 
MENA OF VEGETATION, AND THE OPERATIONS 
OF AGRICULTURE. 


Book IX, Brick the Attractions of Chemiſtry have an influence 
ww fo powerful and ſo univerſal, in the Earth, the Waters, 
Vegetables and the Air; and ſince the Analyſis of VEGETABLEs 


ſubject " ultimately reſolves them into the chemical principles of 


cChemica 


influence, Hydrogen, Carbon, Oxygen, and Azote, &c. ; it is impoſ- 
ſible but the phænomena of vegetation muſt, in a very 
great degree, depend upon chemical influences, 

2. Vegetables are produced from ſeeds. They grow on 
2 — the Earth, in the Air, at the bottom of the Ocean and 
2 — other collections of water, on the ſurfaces of waters, 

paraſitical upon other vegetables, and in every conceivable 
variety of theſe principal circumſtances. 

3. Should it be aſked, —what is the preciſe definition of a 

2 7 vegetable? It is an organized ſubſlance,refiroducible only 

table. by a fieculiar fort of generation, —augmentible in bulk, not 

ſimfily by accretion, or by chemical combination, but by an 

enlargement of its organization, in which a fieculiar vitality 

co-ofterates with chemical, mechanical, and electrical infiu- 

ences, to firoduce the growth and ſalutary ſlate of the body,— 

and which after riſing into exiſtence, and iaſſing through a 

certain ſeries of changes, is naturally derived of its vitality, 

end diſſolved into its comſioneni material elements, 1 


of Vegetation. 
Theſe vegetables have this for the moſt general eaſily 


457 
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diſcernible fact, upon which we can eſtabliſh a ſyſtematic 9 


arrangement of them, — that they are are all reproduced . — 


from a peculiar ſort of generation. A tree is not fo pro- tion of ve- 


perly a ſingle individual, as a ſort of family of individuals. 
The flowers are the individuals. Theſe are male and fe- 
male. There is an impregnation of the former by the 
energies of the latter. The impregnation quickly makes 


the florification give place to the formation of the ſeeds, 


grains, or fruits. In ſome, the impregnation or fecunda- 
tion is ſufficiently apparent. Others ſeem to conceal it, 
and are called Cryftogameous. It was upon the obſerva- 
tion of this grand law of generation in vegetables, that, 
after many imperfect attempts at a general claflification of 
them, LinN&vUs at laſt ſucceeded in eſtabliſhing that 
ſyſtematic arrangement which botaniſts have hitherto 
found to be the moſt ſcientific, and the moſt commodious. 
He conſidered chiefly the flowers, examined the parts of 
each, diſtinguiſhed the male from the female, counted their 
relative numbers, remarked where the florification was 
not diſcernible ; examined, after theſe, the next moſt gene- 
ral facts; thus eſtabliſhed claſſes, genera, ſpecies; and 
formed a general hiſtory of vegetables, which, whenever 
a plant can be found in florification, it is not difficult to 
compare with nature. As the flowers, however, form but 
a ſmall part of vegetable nature ; much more is to be 
known; and one may be acquainted with the grand 
and general fact of the Linnean ſyſtem in all its modifi- 
cations, without poſſeſſing an adequate knowledge of 
vegetable nature in all its parts. The other general 
facts, are therefore, to be taken into conſideration ; and 
upon theſe are founded the well-known natural orders in the 

Ft2 Botanical 


getables 


452 Chemiſtry 
1 Book. 12 Botanical Syſtem. It is but for one ſhort period during 
| WF each year of their exiſtence, that plants are in a ſlate 


3 of florification: And hence muſt ariſe a difficulty of 
; | | diſtinguiſhing them from one another, at other times, 
; ; For this reaſon, the celebrated uss iE u contrived that ar- 
rangement founded upon the internal ſtructure of the ſeeds, 
which botaniſts ſo much admire, and which, if it do not 
deſerve to ſuperſede the ſyſtem of Linnzus, is, however, 
] inferior in beauty, utility, and ſcientific accuracy to the 
4 ou of Linnzus alone. 

F After due attention to thoſe general and moſ tee 
fas which are to enable us to diſcriminate between one 
plant and another; we may deſcend to the minutiz of 
of organic and mechanical ſtructure, chemical compoſi- 


A | tion, &c. | 

A Tes Oo., As to eRGANTE ſtrufQture; all Wem when duely 
2 — os: examined, preſent in all their parts, a fibre with a tiſue 
by E cells involving it. Wood, bark, all the parts of ligneous 
7 or of gramineous vegetables, are but collections of fibre and 
4 cellular tiſſue. In the ſtructure of trees, theſe are wrought 
g into a number of remarkable organs. The BARK, the 
external covering of plants, conſiſts of—an epidermis or 
* 


thin membrane, which forms the exterior part of the 
bark, immediately under it, a cellular coating, the ſecond 
part of the bark, compoſed of veſicles and utricles, and 
connected by veſſels ſpreading out from it, with all the in- 
ternal parts of the wood, even to the very pith,—be- 
- .neath this cellular covering, an aſſemblage of laminz, 
formed by the union of the veſſels for the ſecretion and 
diffuſion of the fluids through the plant, and conſtituting 
What are called—the cortical coatings. Under the bark, is | 


the Woop or LiIo EOS TEXTURE, compoſed of fibres 
- | un 


* 


of Vegetation: 


in the arrangement of concentric layers —intervoven and 
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connected together with a cellular tifſue full of veſicles, Cy. 


which diminiſh towards the centre, - where, however, there 
exiſts an aſſemblage of them in che form of what is 
named the PIT RH. — The P1TH ſeems thus to be only a 
collection of veſicles, the reſervoir of the ſuperabundant, 
elaborated nutritious matter. The LE AvxEs conſiſt, like 
the reſt, of epidermis, cellular tiſſue, and fibre. The 
BRANCHES are new trees implanted on the parent-ſtem, 
which ſerve to enlarge the quantity of ſurface which the 
whole plant expoſes to the atmoſphere. The Roors are 
branches, enlarging the quantity of ſurface that the 
plant expoſes to the contaCt of the Earth, and conſtituting, 
at the ſame time, its means of mechanical fixation and 
ſupport. In the PALM s, the fibres of the wood are ap- 
plied, one beſide another, in a ſimple longitudinal arrange- 
ment. In other woods, they. are arranged in circu- 
hr layers, one without another, not perfectly concentric, 
but with a degree of eccentricity of which the cauſe is 
known, The GRassEs, fungi, &c. differ from the 
Ligneous vegetables, as containing a ſmaller proportion 
of Ligneous Fibres, The SEEDS and FLOWERS, as to 
minute, organic ſtructure, reſemble the wood and bark. 
Theſe are the $0LID PARTS of the vegetable. The fluid 
and gazeous parts are the 8AP, and the other immediate 
ſrinciſiles of vegetables which have been formerly ex- 
plained, &c. A part paſs through the plant, in a fluid 
ſtate, But, they are all perhaps refined to the tenuity 
of gas, before they are ultimately fixed in the ſolid 
organs of the plant, The juices, &c. are different in 
litferent plants. Some plants are only annual in their 
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— and decay. Others are more permanent; laſting | 


for two years, for ſeveral years, or for an indefinite length 


of time, according to circumſtances. The root is often 
preſerved, and capable of giving birth to new plants, while 
the other parts periſh. The ſtems, the branches, the 
bulbs of the root, are capable of propagating the plant, as 
well as are the ſeeds. Earth, water, air, appear neceſſary 
to the nouriſhment of plants. They live and flouriſh, 
while ſupplied with theſe in due proportions. They die 
without them. Heat or Caloric, and Light or Lumen, are 
equally neceſſary. The abſence of a due proportion of 
heat is fatal to vegetable life. Its preſence in a due pro- 
portion, enlivens all the organic energies of the vegetable. 
Light is continually acting upon vegetables; and no power 
can without its preſence, generate healthy, and vigorous 


- vegetation. It is ſtill to be remembered, that, however va- 


6, 
Chemical 


Laws of 


7. 


rious thoſe compounds which are called the immediate 
principles of vegetables; they are all ultimately reſolved 
into the four elements of oxygen, hydrogen, carbon, 
and azote,—of which four, azote does not exiſt in all 
vegetables, ſo generally as the reſt, and does not in almoſt 
any one, occur, in a proportion equally conſiderable. 

II. Now, in what manner do the fieculiar vitality, the 
chemical relations and defiendenties, the mechanical circum- 


| Vegetation. Rances, of vegetables, and whatever other influences they 


are ſubject to, accomſiliſi the whole of their vegetative 
growth, functions, and decline, with the formation of all 
thoſe fieculiar chemical Compounds which vegetables alone 
afford ? 

The ſeed, the ſhoot, the ſtem, the bulb 21 which ve- 


2 getables are renewed. contribute to the re- production of 


ble of Ger. 
mination. the individual, —ſolely, as containing, in 4 quantity 
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of Vegetation. 
and in the requiſite hreſer vation and organic arrangement, Roox 
all the eſſential farts of the vegetable form. The ſeed is wa 
preferable to all the other parts for the re- production of 
the vegetable; becauſe it contains theſe eſſential parts in a 
natural preparation in which they are the moſt eaſily pre- 
ſerved, the moſt conveniently diſſeminated, and, in ſuita- 
ble circumſtances, the moſt readily revived to vegetation ; 
becauſe, by means of the ſecds, vegetables are univerſally 
re· produced, but of ſome, we know not to accompliſh the 
re· production by other mgans. 

A ſort of ſaccharine fermentation, if we may, without: 3: 
impropriety, employ the term,—is neceſſary to prepare the changes in 
feed tor the revival of the energies of vegetable vitality, I 
Whatever Azote is in it, muſt be ſeparated and evolved, 
its hydrogen, carbon, and oxygen muſt be brought toge- 
ther in thoſe proportions and that union in which they 
form ſaccharine matter. Whether a ſimilar change take 
place in the ſhoot or ſtem, in order to the re- production 
of the vegetable, is perhaps leſs certain. But, it is moſt 
likely, that,—when the ſtem or ſhoot has already ſuf- . | 5 
fered any material, chemical change of its parts. vegeta- 1 
tion cannot be from it renewed: Where it is ſtill fit for the 
renewal of vegetation, — the ſaccharine preparation may 
not be neceſſary in it. 


At the moment when the matter of the ſeed, or other 9. 
o | . ” . Com- a 
organized portion, has received the neceſſary chemical pre · mencemen 


x 4 . 8 of Vegeta- 
paration, — the peculiar energies of vegetable life, are, by o Liſe, 


what myſterious law of nature we know not, renewed in 
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Book 1 oth and decay. Others are more permanent; laſting 
or two years, for ſeveral years, or for an indefinite length 
of time, according to circumſtances. The root is often 
_ preſerved, and capable of giving birth to new plants, while 
the other parts periſh. The ſtems, the branches, the 
bulbs of the root, are capable of propagating the plant, as 
well as are the ſeeds. Earth, water, air, appear neceſſary 
to the nouriſhment of plants. They live and flouriſh, 
while ſupplied with theſe in due proportions. They die 
without them. Heat or Caloric, and Light or Lumen, are 
equally neceſſary. The abſence of a due proportion of 
heat is fatal to vegetable life. Its preſence in a due pro- 
portion, enlivens all the organic energies of the vegetable, 
Light is continually acting upon vegetables; and no power 
can without its preſence, generate healthy, and vigorous 
vegetation. It is ſtill to be remembered, that, however va. 
rious thoſe compounds which are called the immediate 
principles of vegetables; they are all ultimately reſolved 
into the four elements of oxygen, hydrogen, carbon, 
and azote,—of which four, azote does not exiſt in all 
vegetables, ſo generally as the reſt, and does not in almoſt 

any one, occur, in a proportion equally conſiderable. 
6. II. Now, in what manner do the ftieculiar vitality, the 
Chemical 5 ical relations and defiendenties, the mechanical circum- 


Laws of 


| Vegetation. ances, of vegetables, and whatever other influences they 


are ſubject to,—accompiliſh the whole of their vegetative 
growth, functions, and decline, with the formation of all 
thoſe ieculiar chemical comſiounds which vegetables alone 
afford ? 

7. - The ſeed, the ſhoot, the ſtem, the bulb bonn which ve - 


bie of Ger. getables are rene wed. contribute to the re- production of 


mination. the individual, —ſolely, as containing: in ſufficient quantity 
aud 
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and in the reguiſite fireſervation and organic arrangement, ow = 


all the eſſential farts of the vegetable form. The ſeed is wu) 
preferable to all the other parts for the re- production of 

the vegetable; becauſe it contains theſe eſſontial parts in a 

natural preparation in which they are the moſt eaſily pre- 

ſerved, the moſt conveniently diſſeminated, and, in ſuita- 

ble circumſtances, the maſt readily revived to vegetation ; 

becauſe, by means of the ſeeds, vegetables are univerſally 
re-produced,—but of ſome, we know not to accompliſh the 
re-produCtion by other mgans. 

A ſort of ſaccliarine fermentation, —if we may, without = 
impropriety, employ the term,—is neceſſary to prepare the changes in 
ſeed for the revival of the energies of vegetable vitality, dn. 

Whatever Agote is in it, muſt be ſeparated and evolved, _ 
its hydrogen, carbon, and oxygen muſt be brought toge- 
ther in thoſe proportions and that union in which they 
form ſaccharine matter. Whether a ſimilar change take 
place in the ſhoot or ſtem, in order to the re- production 
of the vegetable, is perhaps leſs certain. But, it is moſt 
likely, that,—when the ſtem or ſhoot has already fuf- 
fered any material, chemical change of its parts, —vegeta- 
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tion cannot be from it renewed : Where it is ſtill fit for the 
renewal of vegetation, — the ſaccharine preparation may 
not be neceſſary in it. 

At the moment when the matter of the ſeed, or other 9. 

: g : 3 Com- 

organized portion, has received the neceſſary chemical pre · mencement 
paration, —the ſieculiar energies of vegetable life, —are, by 3 | 
what myſterious law of nature we know not, renewed in 15 


it. The fieculjar energy of VEGETATIVE LIFE, con/i/ts 
in its converting. into  fieculiar compounds, diſtributing in a 
fieculiar mechanical arrangement, and emfiloying for the ge- " ? 
aeral enlargement and ſupport of its organic ſirutture,— 1 
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456 Chemiſtry 
Boon IX. whatever ſuitable matters ars fireſented to its ſirofier exterior 
WR organs, —and efhecially in its combining to one common end— 
' laws, chemical, electrical, mechanical, which could not other- 
| wiſe, act together in harmonious union. Where chemical 
or mechanical means are employed to hinder this energy 
from ever commencing to act upon the ſeed which the 
| ſaccharizing proceſs has prepared for it; the ſeed ſoon 
haſtens to putrefaction and final diſſolution, —if it be not 
brought into thoſe circumſtances by which the vinous 
| fermentation is to be excited in its ſaccharine parts. 
When Vegetable Vitality commences, the progreſs towards 
diſſolution ceaſes. That part of the ſeed may decay, out 
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17 of which the /accharine matter has beeu extricated. The 
. Saccharine matter itſelf becomes the living embryo of the 
I new vegetable. 

5 o. Aﬀer Vegetable Life or Irritability has thus commenced, 


Ener- 
— of Ve. its firſt energy is exerted in receiving from the Earth, in 


"i which the embryo is imbedded, the impulſe of water im- 
pregnated with various ſoluble or ſuſpendible ſubſtances; 
which its exterior organs refine to gas, as they convert it 

| 7 ol into nouriſhment. It js neceſſarily from the Earth, that 
the embryo vegetable takes in its firſt nouriſhment : for, 

it is imbedded in the ſoil ;—in the air, the fluctuation of 

parts, and the variation of temperature are too inceſſant to 

afford that flow digeſtive heat, and that and that long e exterior ap- 

5 plication of of the nutritive matter, ter, without which the firſt 

e xcitement of vegetable irritability m might—not { ſo eaſily 

: | take place ce ;—only at the ſurface of the Earth, is there to 
be found a ſufficient accumulation of that matter from 

which is evolved—the proper pabulum of vegetable life. 
When vegetables, ſpring up in water, there muſt be a fort 
of Ds fixation of the water, which ſomewhat re- 
ſembles 
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of Vegetation. 457 
fembles the ſteadineſs of a baſis of Earth. Vegetable life Boos 1x, 
is never renovated, while the ſeed floats about in air. Sor. II. 

The Efidermis of the Bark, neceſſarily acts to vegeta- \ 1. 
bles, as the Mout /i or organ for the ſelection and introſuſ- 4257 
ception of food. It is exceedingly fine and cloſe in its . 
mechanical texture; for, it is perhaps deſtined to perform | 
not a chemical, but a mechanical part; and that mecha- 
niſm muſt, of courſe, be extremely fine, which ſhall, in 
the relative ſituation of the epidermis of the bark, exclude 
every matter that might injure the interior organization of | 
the vegetable. 

The Cellular tiſſue of the Bark, is the firſt receptacle, 13. 
and the reſervoir of the food taken in by the Efidermis. and = 
In its ve/icles and utricles, is that food depoſited for digeſ- 2 
tion and nutritive diſtribution. In them, begins the che- Tiſſue of 
mical proceſs by which the living vegetable digeſts its food 
into a proper addition to the ſubſtance of its organs. The 
mechanical relations and powers of the organs and of the 
food, are made to co-operate with thoſe which are che- 
mical, In its paſſing from the utricles and veſicles of the 
cellular tiſſue, through the organs of the cortical coating. 
the SAP, the general chyle or blood of the plant, is com- 
pletely elaborated. By this elaboration, thoſe chemical 
principles are ſelected which can alone contribute to the 
ſuſtenance of vegetable life ; and they are mixed together 
in that one of the Immediate Princifiles of Wen 
which is named Mucilage. 3 a 


This Mucilage contains oxygen, carbon, hydrogen, and | 13. 
ucilage, 


azote, the chemical elements of all vegetable ſubſtance, in ane 


that combination in which they are the fitteſt to be diſtri-F Planta. 


buted for the ſalutary ſupport of the particular vegetable 
within 
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Chemiſtry . 


Boon Ix within which, the mucilage is 85 Aeote exiſts in this 
 Awyway{ mucilage in a proportion ſmaller than that of its other in. 


gredients. Nor is the oxygen, uſually, ſo * as the 
hydrogen and the carbon. 

The mucilage thus prepared, is carried into the ſtruc- 
ture of the wood ; and is conveyed through it, by a cir. 
culation, or perhaps ſome different movement ; of which 
the ſecret ratio has not yet been diſcovered ; but which 
perhaps extends only in its fineſt gazeous elaboration, to 
the general ſyſtem of the tree or whole plant. The cellular 
tiſſue of the wood ſeems to form its circulating and glan- 
dular ſyſtem. The fibres reſemble the bones—perhaps not 
Teſs than the fleſh—of the animal body. The P1TH is, as 
it ſhould ſeem, a reſervatory ſtore of the finely elaborated 
nouriſhment of the plant; deſtined to reſtore its contents 


for the ſupport of the vegetable life, when there is a defi- 


— 


| 


ciency of nouriſhinent from without ; as well as to bud 
out, at the proper ſeaſon into the flowers, and all the finer 


parts of fructification. The circulation within the wood, 


is performed, partly by /iquid, partly by gazeous ſubſtance, 
The veſſels vary in direction and tenuity,—as it is a gas or 
a fluid which they are deſtined to convey. The circula- 
tion extends as well to all the parts of the pith, the leaves, 
the fruits, and the bark, as to the wood. Continual ſe- 
cretions of thoſe which are called the frofer juices go on 


[ throughout the plant. Juſt as the ſemen, the tears in the 


| ceſs in which vegetation combines the agency of the mes - 


eyes, the cerumen in the ears, &c. are ſeparated from the 
human blood; ſo are the various principles of each plant, 
which differ in their nature from the common ſap, ſecæeted 
from that ſap in its courſe of internal motion, by a pro- 


chanical 
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of Vegetation. 


chanical, with that of the chemical, qualities of theſe 
matters. Theſe ſecretions conſiſt Hartly of excrement, or 
matter, which, after performing its part in the vegetative 
functions, is to be periodically, thrown out of the ſyſtem, — 


þartly of matters requiſite to the re- production, or to the per- 


manent, ſalutary exiſtence of the plant. That matter which 


is requiſite to the permanent health of the plant—accord- 


ing to its particular nature,—is continually fixed in its 
ſolid ſubſtance, after the proper elaboration and diſtribu- 
tion. The excrement, in the healthy ſtate of the plant is, 
probably, thrown off, only in a gazeous form. 
Heat or Caloric is ſenſible to the human hand, and to 
our inſtruments, only while it paſſes out of one combina- 


many fixations of liquids and gaſes into ſolids, are conſtantly 


going on, that they cannot but have within them @ /en/ible | 


heat, ſuperior, in its ordinary ſtate, to the colder temperatures. 
On the other hand, as their excretions are made only in gas ; 
this requiring much caloric to its expanſion, muſt conti- 
nually carry off ſo much as to prevent any exceſſive accu- 
mulation of keat within the living vegetable. But, while 
the caloric taken in with the food of the plant, and ſet at 
liberty by the fixation of the due proportion of its fluids, — 
ſhall remain in a juſt equality to that which is carried off by 
its gazeous ſecretions ; ſo long mult the plant retain its na- 
tural temperature. The tranſitions within it, of fluids into 
ſolids, and of ſolids again into fluids, are the immediate 
cauſes of its ſenſible heat. The temperature of plants, 
admits of conſiderable variations; and, within a certain 
range, —the warmer the temperature, ſo much the more vi- 
gorous will be the growth of the plant, - provided that the 
increaſe of hegt be accompanied with an increaſed ſup- 
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tion into another. In the ordinary growth of plants, ſo getatiou. 
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Boos IX ply of nouriſhment from without. When the temperz. 
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abundance. of nouriſhment. The genial heat of theſe 

ſeaſons, gives the greateſt livelineſs of energy to all its or- 

ganic functions. It enlarges its wood and bark, clothes 

itſelf with new leaves, and produces ſeeds for the re- pro- 

duction of its ſpecies. This growth gives it, new organs 

to take in a larger proportion of nouriſhment, than it, 
before, received. But, the advantages which it gains by 

this enlargement, are not, at firſt, equal to the laſs which 

a it ſuffers. Its new parts are not, at firſt, ſufficiently fit to 
. co-operate, in its growth, with the old. They muſt be 

| properly aſſimilated with theſe, before the whole can again 

} perform its functions with full health and vigour. The 
| complete 


ster. II. ture of the climate, is much colder, than that in which - 

8 16. | the growth of vegetables, can eaſily advance; the fluids al 
wo \Efiefts ag ean no longer be converted into gaſes, for the finer inte- 1 
Plants. {rior circulation; and the growth of the plant is, for a W 
'Y time, interrupted, though its vitality may not be de- at 
3 ſtroyed. Many plants have, in their character, a ſtrong 1 

| analogy to that of thoſe animals which ſleep during the win- v 

ter. In winter, when the ſtate of the atmoſphere is under q 

that temperature, at which their liquid and gazeous parts . 

can be maintained ina natural condition; the plant may con- F 

tinue to live, but cannot grow. When the genial heat of 4 

a kinder ſeaſon returns; the temperature of growth is re- b 

newed to the plant.— By combining with this conſidera- c 

tion of temperature, - che obſervation of the period of its f 

fructification from the firſt ſprouting of the bud, to the P 

. complete maturation and the fall of the fruit,—we ſhall { 

— * be eaſily able to underſtand the cauſes of the jreriodical 

the Jap in floꝛuing of the ſaſ in trees. In Spring, Summer, and Au- ' 

5 tumn, the ſtate of external nature ſupplies the plant with 

{ 
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of Vegetation: 


complete ripening and fall of the fruit, too, occaſions a 
ſort of periodical criſis in the life of the plant, by which 
all its functions are, for a time, affected. Theſe changes 
would of themſelves, be leſs ſtriking and important. But, 
when to them is added the diminution of the heat in the 
atmoſphere ; theſe two influences conjoined, produce 
very powerful effects upon the organic economy of the 
vegetable. The fall of the leaves ſucceeds or accompa- 
nies that of the fruits; becauſe they have in ſome ſort, 
in all but the evergreens, their period of maturation 
like the fruits; becauſe, roo, the circulation in them, the 
nutriment they take in, and the excrement they give out 
being almoſt wholly gazeous,—they cannot thrive in a ſtate 
of the atmoſphere that is unfavourable to the expanſion, 
formation, and decompoſition of the gaſes; and be- 
cauſe they poſſeſs not a ſufficient interior ſupport of wood 
for their preſervation.—In winter,—and during that pe- 
riod which intervenes between the fall of the fruit and 
leaf, and the renewal of the buds, — the plant takes in 
little nouriſhment from without, and is but little, if at all, 
enlarged in its growth : Its energies are, in a great mea- 
{ure, dormant : The inteſtine movements of its fluids, are 
feeble, languid, almoſt at a pauſe : Its gaſes are in a ſtate 
of condenſation : It enjoys, indeed, the genial influence of 
light and heat, whenever theſe break favourably upon it 
for a moment, through the gloom and ſeverity of a win- 
ter's day. But, their influence is tranſient and feeble : 
And it muſt await the return of ſpring, for the full re- 
newal of its growth.—When this period returns Ie 
ſaſi begins to flow,—at firſt, at the roots, —and its flowing is 
renewed gradually ufrwards ; becauſe the firſt concentration 
of heat, ſufficiently ſtrong, permanent, and digeſtive, to att 

| thoroughly 


46t 
Boox IX. 


ger. II. 


WD 
| 


x 


-— «A. — 
. "3 & q 
- 
* 8 * 4 


*%. 
ES ce — 2 — 
s * K * 7 2 
. &— x ab. "be oy 
. P 3 


— 2 — 
- . " 


-—- 
— 


86 d ” c 4 
ne 2 — : . _ 5 ” e A 
ene TE ER, IS ns — - 
” \ * 7 "A e 7 LY 4 2 — 2 2 


ee 


Chemiſtry 


Boos IX. thoroughly, ufon the veſſels of the plant, is on the ſurface o 
Ser. 1. % Earth, not in the Air high above it; becauſe ſince 1 


firſt growth of the filant firaceeded from the root upward; — 


its organic functions have acquired, like animals, a ſort if 
habit of acting in this farticular order and direction; be- 
cauſe the general firutture of the filant, and the arrange. 
ment of its veſſels, naturally firomote this aſcenſion in the 
flowing of the Sap; becauſe when the relaxation of the 
veſſels in tie bart, and the flew of the SAY in an inferiy 
ring of this bark has taken filace,—it is neceſſary, that the 
ring immediately above it ſhould from the contaft and the 
fimilitude of circumſtances, experience the ſame relaxation of 
veſſels, and flow of SAP, ſooner than any more remote ring. 
The laws of Hydroſtatics, as well as thoſe of Chemiſtry, 
will be found to have an influence in regulating this flow: 
and there are many minuter circumſtances of poſition and 
expoſure, to be attended to, while we attempt to explain 
its ratio. The final decay of the annual plants in the 
courſe of every ſucceeding year, the differences between 
the lives of the graſſes and of the ligneous plants, the pe- 


_ culiarities of foliage in the evergreens, and the anomalies 


of plants which, in a foreign climate, ſurprize by retain- 


ing properties more ſuitable to that of which they were 


| ſtrengthen and maintain the energies of vegetable life, 


F 


indigenous, —are, all, to be explained by the application 
of the general principles which have been here ſtated, to 
the peculiar circumſtances of each. Electricity comes in 
to be regarded as a cauſe of a portion of theſe phœnomena 
of vegetation. It is the combination of heat and light, in 
a ſtate in which they perform a part of the beneficial 
effects of free caloric, without operating, in ordinary ex- 
citement, any decompoſition of parts. It ſerves, often to 


The 
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of Vegetation, 
The chemical principles which vegetables take in as Boox 1X, 


nouriſhment, the forms in which whatever of theſe 
may be retained, is wed in the vegetable ſubſtance, — 
and the elementary nature of the ſecretions which they 
throw out, —deſerve to be, yet a little more particularly 
conſidered. 4 


They muſt not be excluded from acceſs of air: They 
muſt not be hidden from the light of heaven. In gas- 
f AZOte, 


Ster. Il, 


— 


The ultimate reſolution of} Vegetables by chemical = 
analyſis, affords, as we have found, only, hydrogen, car- phzno- 
bon, oxygen, axote, with perhaps, in moſt caſes tail, 4 
ſeda. as their proper principles, and occaſional contami- : 
nations of other matters in ſmall proportion. Earth, 
Air, and Water, can alone afford theſe principles; for, no- + 
thing elſe is to be obtained as a pabulum for their growth. i Þ 
In rocks, none of the ſimple carths is ever known, alone, 5 
to foſter and ſupport this growth : No ſalt excluſively em- $A 
ploved, will more effectually accompliſh this end. 1 
later will, almoſt, alone, in its ordinary tate, ſufpci- * 
ently feed vegetable life: Air, too, powerfully nouriſhes 4 
vegetation : Heat and Light are neceſſary to its ſalutaty 1 i 
progreſs. In comminution and in mixtures, the different x #4 
earths are ſeen to nouriſh vegetables, —rather, however, 7 ; f 
indirectly than directly as food,—if we except only Hp 
LIME, Oils, bitumens, almoſt all ſaline and combuſtible iv 
ſubſtances in mixture, if not alone, are capable of aiding Bey 
the growth of plants. The want of water and of air, 0 14 
exceſſive heat, drowning moiſture, chilling, freezing cold, 118 : 
the want of ſufficient ſupport and covering at the root, wes - 
excels even of any one of thoſe things which are ig due 1 
proportion, the moſt ſalutary, - dwarfs or deſttwoys them. 774 
They muſt not be buried in denſe impenetrable earth : i 
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464  _ Chemifry 


Ser. Hf. azote, in gas- hydrogen, moſt vegetables grow with lux. 
—— riance ; without the preſence of gas- oxygen, in one form 
or another, they grow not at all, The diſſolving re. 
mains of vegetables themſelves, and of animals, are a. 
mirably nutritive as manures to vegetables. The dif. 
fuſion of water vaporous or liquid, if not drowning and 
ſtagnant, is ever ſalutary. It is beneficial, that the earth 
in which they grow, be never too ſandy,, never exclu- 
ſively argillaceous or filiceous, never—even—excluſ:vely 
calcareous. Different gaſes have been obſerved to ex- 
hale, at different times, and in different ſituations, from 
the exterior ſurfaces of plants. In the light, they have 
been found to exhale gas-oxygen ; in the dark, they have 
been obſerved to give out gas-azote: As circumſtances 
have varied; the nature of the gaſes they exhaled, has 
varied likewiſe, to the great aſtoniſhment, perplexity, 

and diſagreement in opinion, of philoſophers. 
The more ſecret relations and tranſactions upon which 
theſe phænomena depend, may be thus explained. Plants 
9 Inhale nouriſhment—only in the forms of aqueous and 
Secret f gage ſolutions. The roots take in whatever nouriſh- 
theſe Phe · ment they receive—chiefly in water, and in gas mingled 
with water, and other liquid ſolutions. Ihe trunk, 
branches, flowers, fruits, and leaves take in, alſo much 
aqueous nouriſhment; but receive a much larger pro- 
portion of that which they inhale, in a gazeous form: It 
is in general, ſalutary for plants, to receive their nourilh- 
ment, rather in a gazeous than in an aqueous form ; 
becauſe what they take in the former way, is, for the 
moſt part, eaſier to be digelted i into wholeſome SAP, than 
that which they imbibe, in the latter ſtate. Water unde- 
. hydrogen, carbon, azote, oxygen, are Fi 
on 


of Vegwation, 


only forts of fond which plants can take in, All foils, all Book 1x. 
airs, all Citations, in which they grow and thrive, muſt af. *©7* +, 


ford theſe elementary pabula. Where theſe are to be ob- 


tained, in ſufficient quantity; plants take in, over all their 


ſurfaces, by the energy exerted in the epidermis of the 
bark, —preciſely that due proportion of each element, 
which is requiſite to their - healthful ſupport, according to 
the reſpective nature of every different plant. The roots 
of very many plants, comprehend a proportion of exterior 
ſurface, little leſs conſiderable, than that which they ex- 
poſe to the external air: And, therefore, in every fertile 
ſoil, no ſmall proportion of the food of ſuch plants is taken 
in,—at leaſt through the medium —of the earth. Soils 
affording azote, hydrogen, and carbon almoſt in a ſepa- 
rate ſtate, are eminently fertile and produce plants of very 
luxuriant growth ; becauſe ſuch foils ſupply in great 
abundance, the elements of vegetable ſubſtance. Water 
is eminently nutritious to vegetables, partly becauſe it is 
the vehicle for all the other nouriſhment which they take 
in at the roots, partly becauſe it is, even undecompounded, 
one conſiderable article of their food, partly becauſe its de- 
compoſition at the Epidermis, affords hydrogen and oxygen, 
elements which enter, largely, into their functions and 
their ſtructure. Oxygen conſtitutes a neceſſary part among 
the pabula of vegetative life, in a proportion perhaps not 
a little larger than that in which it has been diſcovered to 
be actually fixed in their ſubſtance. It is neceſſary to 
thoſe many internal compoſitions by which the matter of 
their ſolid parts is finally elaborated. It is, perhaps, fixed 


in 2 ſolid form, in the potaſh; the ſoda, and the lirtie | 


which plants are well known to afford. The manner 
in which ealcareous foils exerciſe- an inſſuence ſo emi- 
G g nently 
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Boo IX. nently fertilizing, can never be fatiofaRtorily explained, 
8 "unleſs we regard lime as, in certain circumſtances,—ſub- 
ject to be reſolved into gas oxygen—of which it is but the 
ſolid form, —by the energy of vegetable life, exerted at the 
epidermis of the plant, —in this form, paſſing in circula- 
tion, for a while, through the vegetable,—and at laſt, 
either evolved by perſpiration, or fixed in the ſolid matter 
of the plant, in one of the three ſtates of lime, potaſh, 
or ſoda. The preſence of light and heat is often neceſ- 
ſary to aid the vegetable energies of the epidermis, in 
operating thoſe decompoſitions, and making thoſe ſelec- 
tions and rejections which are neceſſary to its taking in the 
proper aliment : for, vegetative energies are compara- 
tively feeble; and the internal heat of plants in general, 
is not more than from 10® to 15% above that of the ſur- 
rounding atmoſphere at its mean temperature. Vegetables 
give out gas-oxygen at the more ſenſible parts of their 
ſurface, when. they are aCted upon by light and heat ; be- 
cauſe, in ſuch circumſtances, the energy of the epidermis, 
is highly excited—it takes in food with great avidity,— 
and taking, of the atmoſpherical air, only thoſe parts 
which are requiſite for its ſuſtenance, —takes, neceſſa- 
rily, much leſs of oxygen, than of carbon and azote,—and 
therefore, ſeems to augment the oxygenation of the ſur- 
rounding atmoſphere. In the dark, vegetables give out 
azote, becauſe in this ſtate, the energies of the epidermis 
are no longer ſufficiently excited, to take in much food; 
and therefore, they, at this time, give out an excrement of 
azote ; becauſe, too, the proportion of oxygen in the at- 
moſphere, is ſmaller in the dark,—and, therefore, there 
is leſs of it to be rejected by plants growing in the two 
| mixed airs. Arn too, * 
4 | t 


of Vegetation. 


light in vegetables, which is effected by the energies of the Boos IX. 
epidermis, and accompliſhed not without a. decompoſition * 1 — 


of gas oxygen in which there is oxygen ſet at liberty, to 
accumulate in the atmoſpheric air from which the light 
has been withdrawn. The leaves, being far the fineſt parts 
of plants, and enveloping the ſmalleſt proportion of ſolid 
ſubſtance, taken in, as it ſhould ſeem, little nutriment that 
is not reduced on their ſurface to the gazeous form. The 
roots, probably, take in their nouriſhment, rather in water 
alone. e trunk and branches, certainly does 
not, in old trees, take in ſo much of its aliment in gas, 
as do the leaves. The carbon of vegetables, is obtained, 
no doubt, from the cz1bonic acid of the atmoſphere— 
of tis carbonic ſalts of the ſoil, - and of thoſe in moſt 
manure$—eſpecially in calcareous manures. Being ſooner 
fixed in the ſolid ſubſtance of vegetables, than azote or 
oxygen, or perhaps even hydrogen; it is much more 
ſcantily—perhaps ſcarcely at all, thrown off by perſpira- 
tion: And therefore, a ſmaller proportion of it, in compa- 
riſon, will be adequate to the purpoſes of falutary vege- 
tation. Water, oils, &c. abundantly ſupply the hydrogen 
of vegetables. When vegetable life periſhes, the vegetable 
ſubſtance is more or leſs entirely diſſolved by the reſolu- 
tion of its fluid and putrefiable parts into gas. 


III. AGRICULTURE cannot be exerciſed with any * 
lerable ſkill, without a knowledge of the influence of the — 1 


chemical laws of Nature upon vegetation. In the exa- 
mination of ſoils, and in the whole ſeries of ſubſequent ope- 
rations, the directions of Chemiſtry are indiſpenſihly ne- 
ceſſary. 

1. Thoſe $o1ILs, are, neceſſarily, the bet, that con- 


tain the greateſt ſtore of thoſe principles which conſtitute | Un. 
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1 pabula of Vegetation. Such are CALeARKZOus Sell, 
in which oxygen is depoſited in concretion, and in which 
carbon and azote often exiſt in union with the Oxygen, 
Soils formed from the decompoſition of animal and vegetable 
matters, are, likewiſe, in their nature eminently favour. 
able to vegetation : For they contain hydrogen and carbon 
combined in an oleaginous form, ſometimes in a compoſi- 
tion approaching to the bituminous, —together with re- 
mains of animals and vegetables, as yet only tending to 
decompoſition, with various ſalts, ſuch as naturally reſult 
from the decompoſition of animal bodies, —water,— 

earth, —and gazeous principles in continual evolution. 
23. Nextafter theſe, in the order of chemical fitneſs, are thoſe 
Loams or . 1 . . | 
mixed Soils i ed ſoils, in which calcareous matter, oleaginous mat- 
ter, and water, are intermingled with aluminous, ſiliceous, 
and magneſian earths, with iron, and with various ſaline 
ſubſtances, as well as with that imperfect comminution 
of filiceous and aluminous rocks which we call ſand or 
gravel, and with ſome undecayed parts of vegetables. 
This mixture, is, moſt commonly, the refult of long 
working with the plough. It is called by the farmers, a 
LOAM. It exiſts in many different modifications, accord- 
ing as the proportion of the ingredients, is varied in the 
mixture. Some of theſe modifications of this Lo Ax, 
though not, in realiry poſſeſſing ſo much of the pabulum 
of vegetable life, are, however, more conveniently fertile, 
on account of the mechanical nature of their mixture, 

—than the richer ſoils of the former claſs. 

The third fort of fails, in the order of fertility, are 
thoſe which are commonly called CLavs. They contain 
alumino”., earth in a predominant proportion, a propor- 
tion of ſiliceous earth, often more or leſs of calcareous 


Earth, 


24+ 
Clays. . 


oo 
* 
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of Vegetation: 
Earth, with iron, and uſually ſome ſmall mixture of the 


their fertile ſtate, The water, the lime, the vegetable matter 
' which they contain, and their tendency to form new 
combinations by the attraction of gaſes from the atmoſ- 
phere, are the cauſes of their fertility. Chemiſtry, aſcer- 
taining in what proportion, theſe ingredients reſpectiyely 
exiſt in Clays, thus determines the ſheciſic fertility of 
each. 6 | VE 
Thoſe which are called Sa xD and GRAvELLyY SoILs, 


may be ranked after the Clays. SAND 1s Stone commi- — 


nuted into ſmall portions, evidently by attrition in water : 
GRAVEL is Stone cruſhed down in the ſame manner, 
with little or no intervention of water. Silicesus Sand 
or Gravel is incapable of nouriſhing any tolerable vege- 
tation; becauſe it is not, of itſelf; decompoſable into mat- 
ter which the functions of vegetative life can convert into 


nouriſhment for vegetables; and becauſe it does not 


eagerly attract into neutral combination with it, any of 
thoſe other ſubſtances, by which vegetable life is ſuſtained. 
Aluminous Sand is more fertile ; for it tends continually to 
decompoſition, and to attract into combination, ſaline 
ſubſiances which afford nouriſhment to vegetables. The 
moſt fertile of all ſand or gravel, is the calcareous ; for its 
decompoſition affords one of the immediate elements of 
vegetables,—it uſually contains others of theſe elements in 
compoſition with it, — and it attracts them eagerly from 
the ſurrounding air and waters. A mixture of theſe 
lands in certain proportions, is apt to afford a better re- 
turn to the cares of tillage, than any one of them, ſepa- 
rately. In ſituations, in which there is a ſufficient, yet 
not an overflow ing ſupply of water, this mixture of ſands 
| G g 3 
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"emains of vegetables. Water is diffuſed through them in 
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| Chemiſtry 


Book IX. or \gravels, i is, in a particular manner, likely to diſplay ex. 
0 _ * traordinary fertility : for, it forms a ſoil peculiarly fitted to 


26. 


imbibe and to circulate moiſture for the ſupport of vege. 
tation, without detaining it in that ſtagnant ſtate in which 
it might check the growth of vegetables, or cauſe them to 
ſhoot up with a diſeaſed luxuriance. 

The only other ſpecies of „eil, worthy of deing, here, 


Peat Earth. particularly diſcriminated, is that of bogs and moraſſes, in 


which bitumens, carbon, and the unputrefied remains of 
vegetables, with the acids formed from wood and bark, 


exiſt together, with a conſiderable affuſion of ſtag. 


nant water. This ſort of ſoil is naturally incapable of 
producing any but aqueous plants and certain ligneous 
vegetables, which act upon it with a very ſtrong energy 
of vegetation, and are capable of deriving a large propor. 
tion of their nutriment from the gaſes of the atmoſphere. 
Tracts of ground, covered with this ſoil, uſually abound 


in ſprings of water, which diffuſe it in quantity too great 


for the ſubſiſtence of any but aqueous vegetables. Theſe 
ſprings are to be drained off, by trenches conduCting from 
them to the lower extremity of the field. The whole ve- 
getation of the moraſs is, thus, to be, firſt, deſtroyed, 
Then, the working of tillage, and the application of 
quick- lime, or other oxygenating manures, will reduce the 
whole ſtratum of PEAT-EARTH or mixed carbon, bitu- 
men, vegetable acids, and undecayed vegetables, into a 
ſtate, in which it will afford the richeſt and moſt abun- 
dant ſuſtenance to vegetation. In its natural ſtate, the 
feil of moraſſes may be regarded as barren. It is, how- 
ever, in the higheſt e tuſceptible of artificial fertili- 


zation. 


2. Where 
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of Vegetation: 471 
2. Where the moſt fertile of thefe Soils, exiſt” in the Boox 1X; 


beſt proportion of their reſpective ingredients: MANUREsS ape. — 


are perhaps unneceſſary. But, ſuch happy ſoils are ex- ,,7* 
ceedingly rare in theſe northern and long inhabited re- 
gions. Hence, it becomes continually requiſite to add to 
grounds on which we defire to cultivate peculiar vegetables, 
certain matters, the admixture of which with the ſoil, ſhall 
render it as rich as folſſible, in the firofier frabula of vegeta- 
tion, Theſe matters are called MAN RES. Every dif- 
ferent ſoil, according to the diverſity of its nature and com- 
poſition, requires a peculiar MANURE, or at leaſt a 
greater or a ſmaller proportion of the —_ common 
MANURE, | 

For moſt ſoils, Quick-lime, Carbonate f Lime, or Py 1 14 
mixture of Carbonate of Lime, in MaRLEs, with filiceous Manuies, 
and aluminous clays,—form the beſt MANURES. Sea- 
ſiells and fleech, as being an impure carbonate of lime, 
are not leſs valuable than marles, in the character of a cal- 
reous manure. For the fertilization of ſtrata of peat- 
earth, nothing is equal to quick-lime. It diſſolves by its 
oxygenous energy, the preſerved vegetables and the bitu- 

minous compounds in that earth, attracts the carbon in 
part, into a carbonaceous compound with itſelf, even ab- 
ſorbs into a ſimilar combination, no ſmall portion of the =. 
ſuperfluous water, and by all theſe changes, produces, at 55 
laſt, a mixture of carbon, hydrogen, oxygen —of almoſt all | 
poſſible mixtures in ſoil, the moſt fertile. There is, alſo, Fa - 
a ſort of deep, four, ſtiff ſoil, a mixture of clay with the bs ; 
undecayed roots of coarſe vegetables, and with a portion ? | 
of matter from the decompoſition. of vegetables, often ac- 
companied with an exceſs of moiſture. For this foil, 
alſo, quick-lime is the fitteſt manure.—For clays which na- 
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turally contain little or no calcareous earth, the carbonat. 
of lime in ſand or gravel, will form a manure of conſi- 
derable efficacy. It will do ſtill better, if there be joined 


to it, an addition of putrefied vegetable matters, On gra. 


welly ſoils, in general, where the foil is not too thin, and 


too deſtitute of the matter from the decompoſition of vege- 


tables, carbonates lime may be moſt advantageouſly em- 
ployed as manures. Sulfhate ef Lime or gypſum, and in 
general all calcareous ſalts, are eminently fertilizing. The 
neutral ſalts of lime, are more uſeful than-quick-lime, 
for the fertilization of the beſt ſoils,-becaule the energies 
of hure quick lime or fiure concrete oxygen, when applied 
directly and in their full activity, to the organs of living 
vegetables, operate with a force tending to deſtroy, juſt 
as the inſpiration and reſpiration of unmixed gas-oxygen 
for a whole day, would, moſt probably, prove fatal to 
animal life, Carbonates of lime are, in proper caſes, va- 
luable as manures, becauſe they are ſtores—not only of 
oxygen, but alſo of carbon in that ſtate in which it is 


the moſt eaſily converted into food for vegetables. The 


— tt a A A — w Tt 1 d 


concrete oxygen of lime, appears to be gaxiſiable by the 
functions of vegetable life alone, never by thoſe of animal 
life. Oxygen, again, is thus concre/c:ble—chiefly by the 
functions of animal life,—as in the formation of the 
bones of animals in general, and of the ſhells of fhell- 
fiſhes, cs 

For all the /ighter ſoils, eſpecially for thoſe which lie on 
a calcareous bottom, the beſt MANUREs are thoſe mix- 
tures of /alts from the bodies of animals, iutreſcent ve- 
getables—and water, which our common dunghills afford. 
Theſe contain hydrogen and carbon in the form of ous, 
oſten potath in union with the e 

acl 
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acid, phoſphone and ſulphorie ſalts, with portions of 6li- Boox g 
ceous, aluminous, and even calcareous earths, and with a 

conſiderable quantity of vegetable ſubſtances as yet only 

tending to putreſactive decompoſition. None of all theſe 

matters, exiſts, in the dung, in any very refractory combi- 

nation. They are, therefore, caſily diſſolved, to afford 

ſubſiſtence to the roots of vegetables. They are in a con- 

dition, too, in which they readily admit of that mechani- 

cal admixture with the foil, which is neceſſary to their 

proper diffuſion through its exterior layers. For alu- 

minous ſoils with a mixture of filice, this manure is ad- 

mirably fertilizing. Wherever you have any conſiderable 

quantity of earth in ſufficient comminution, without a 

due proportion in it, of matter that has paſſed through 

the elaboration of vegetative or animal organs ; you will 

do well to lay on matter from the dunghills. 

There are caſes, in which the /oi/ is ſo exceedingly . 3%, of 

light and ſhallow, as to want both additional earth and Quickline 

manure. For land of this nature, the beſt fertilizer is a Earth, &. 

mixture of QQUICK-LIME with PEAT-EARTH. They 

ought to be, for ſome time, digeſted together, before being 

laid on the ground. When they are laid on the ground, 

or juſt immediately before the ſpreading out,—it may be 

proper to add a proportion of dung, the vegetable part of 

which, is well diffobved. 
Nitrous Salts are continually formed, wherever animal 31. 

matters are expoſed to the oxygen of the atmoſphere, — - — 

and wherever calcareous matters exiſt in ſituations in 

which they may attract azote from the atmoſphere. But, 

theſe falts containing oxygen and azote, two of the ele- 

ments of vegetable bodies, and probably, alſo, a third 

matter that is capable of furniſhing pabulum to vegeta- 

tion, — 
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tion, —are, hence, eminently fitted for beneficial uſe, 2s 
manures. Therefore, the ſweepings from the ſtalls of 
horſes, and from old walls, the ruins of old houſes, afford 
a manure of admirably fertilizing qualities, on account 
of its nitrous ſalt.—Sea-weeds, being very copiouſly 
charged with ſoda and various muriatic,” ſulfuric, and 
magneſian ſalts, —all affording oxygen, and perhaps ſome 
of the other vegetable elements, in abundance, are on this 
account, adapted to operate with an extraordinary ferti- 
lizing energy. But, the matters which their decompoſi- 


tion affords, either enter into the compoſition of the new 
vegetables which they are applied to ſupport, or elſe paſs 
away with great rapidity into a gazeous ſtate. They 


form, - therefore; an active, not a durable manure.— 
Almoſt all the combinations of the acids with the carths 
and alkalis, give out, —in mixture with foil,—in contact 
with the roots of vegetables, —and in expoſure to the ac- 
tion of the atmoſphere,—one or more of the elementary 


pabula of vegetables. Hence, as manures, they might, in 


Water. 


very many caſes, be found admirably uſeful, if they were 
uot, by much too expenſive. 

Of all MAanuRes, there is none dne WATER 
for great and univerſal utility. Its compoſition of hy- 
drogen and oxygen, renders it directly and powerfully 
nutritive to plants. It has the advantage of containing 
theſe principles, in the proportions in which they ſeem to 
be the moſt happily prepared for vegetative digeſtion. It 
enters, even undecompoſed, as an aliment, into the or- 


ganization of vegetables. Its decompoſition is continually 


effected with the aid of Light and Heat, at the epidermis 
of the þark of thoſe vegetables with which it comes into 
contact: It is the only yehicle by which nouriſhment 

; . 


of Vegetation, 


ever gazeous food the roots of vegetables receive, is pre- 

ſented to them through the intermediation of water. For 
theſe reaſons, it is of infinite importance,—to have ſuch a 
mixture of ſoil and manures, as ſhall the beſt imbibe 
moiſture, and the moſt equably diffuſe it. Mater in too 
Jarge proportions, is unfavourable to the healthy growth of 
our common graſſes and grain-bearing plants. It is apt to 
make them ſhoot up with exceſſive green luxuriance, 
ſimilar to that which takes place in animal life, when a 


475 


can be conveyed from ſolid bodies, to plants. And what- Book IX. 


WFWNYS 


young animal becomes enormouſly and oppreſſively fat; 


or, if in a till greater exceſs, —it entirely arreſts their 
growth, makes them incapable of the vital functions, and 
effects a putrid decompoſition of their organization. In 
ſituations where there is a mixture of plants of various 


characters. this exceſſive affuſion of water tends to de- 


ſtroy thoſe plants which are the moſt eafily injured by its 
exceſs, and on the other hand to nouriſh thoſe to which 
the preſence of a larger proportion of water is ſalutary, — till 
the former claſs are gradually exterminated,—and none 
but the latter continue to grow on this over-watered ſpot. 


It is thus, that, in grounds full of ſprings,—ruſhes, moſſes, 


and aqueous plants, continually ſhoot up, in ſpite of every 
care, over the ſurface, and choak ſuch as delight in a drier 
ſoil. To all the plants of ordinary crop in this country,—it 
is the conſtant, gentle affuſion of water, diſperſing itſelf in 
all directions, never ſtagnant, never running with great im- 
petuoſity of current, ſcarcely ever ceaſing to flow, more 
copiouſly applied in the light and under the heat of the Sun, 
than in the dark, which operates with the beſt efficacy, 
as a manure. Periſhing by decompoſition,” doing miſ- 
chief by its ſtagnation, or running, or eyaporating,— 

Water 
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Poor Hf. Water can very rarely, be applied with any very conſi 
A - derable advantage as a manure to be laid up, as it were, in 
| ſtore, like other manures, for the benefit of the future ve. 

getation of a field. It is juſt before the ſeed is about to 
be ſown, and while its growth advances, that the manure 
of water, is moſt uſefully to be preſented to it. Indeed, 
where the ſoil is dry, ſtiff, yet not without conſiderable 
depth, there water may be- perhaps with no ſmall ad- 
vantage, conducted over it in ſtreamlets gradually loſing 
themſelves in the field, even for ſome time, before the ſeed 
is ſown. Graſſes, however, of perennial growth, and 
other plants of ſimilar duration, may be greatly improved 
by water conducted near them in ſtreamlets, at that 
time in the ſeaſon when the temperature of the climate 
. Prevents them from receiving much nouriſhment, or ex- 
£95 Citement to their vegetative energies, from the atmoſphere 
| above the ſurface : For, their whole nutrition is, then, to 
be taken in by the roots; their vegetative energies have 
retired, as it were, for a time, into the roots; and water 
at once ſupplies food, where, alone, it can be, at this time, 
received, —and acts as a powerful ſtimulus, to excite the 
activity of the vegetable functions. No artificial mode of 
applying water as a manure, can equal that of Nature, 
ſending it down in ſhowers and dews, diffuſing it in 
miſts, making it alternately to riſe in vapours, and to de- 
ſcend in rains, conſuming and evaporating it in the vege- 
tation of Spring and Summer, then, in Autumn and 
Winter, reſtoring it in rains, hails, ſnows, and in froſis, 
intermingling it, intimately, with the moſt minute partici 

of the ſoil. 
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. rusze „ 3. Tillage, though in conſiderable part, it act ſimply as 
{2 Þ — a mechanical operation, is alſo, in no ſmall degree, che 
i | mical. 
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of Vegetation: 


mical. The form of your plough, your ſpade, your hoe, Book IX. 
your harrow, muſt be modelled upon mechanical conſide- — , 


rations. The mode of yoking your ploughs and harrows, 


the number of the cattle you employ to drag them, the 


manner in which to apply the plough, the hoe, the ſpade, 
the harrow to penetrate and break the earth, are, alſo, to 
be regulated by a reſpect to the relations of gravity and of 
mechaniſm. But, in other reſpects, you will not work 
your ground advantageouſly, without a continual reſpect 
to chemical principles. 

In our artificial attempts to produce and direct vegeta- 
tion, we open the earth by digging or flowing ;—becauſe 
a due communication between the ſoil, water, and air, 1s 
not to be otherwiſe obtained and becauſe we could not 
otherwiſe, procure that mixture, and thoſe tendencies to 
ready decompoſition, which are eſſentially W to 
ſavour vegetation. 

We are careful not to penetrate too dec into an un- 
kindly, ſiliceous or argillaceous ſoil, —becauſe, in doing 
ſo, we ſhould but bury the ſuperficial earth which being 
of the properly mixed character poſſeſſes a reaſonable pro- 
portion of fertility, - under a matter that is, by itſelf, 
abſolutely barren. We plow deep into ſoils which are by 
their chemical compoſition, more fertile ; becauſe it is 
proper to bring all the fertile matter of the ſoil, as much 
as poſſible, into due activity. | 


| 


We form our ridges and furrows, ſo as to favour the 


diſtribution, and to prevent the ſtagnation, of water, on 


account of the chemical tendency- which water has,— 
in one ſtate, to nouriſh yegetation,—in another, to make 


it languiſh, 
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478 Chemiſtry 


Boon 1x. We apply the harrow ; becauſe its operation is neceſ. 
Ser. II. ſary to deſtroy, more completely, than would otherwiſe 
be poſhble, that aggregation of the clods which hinders 
the beneficial re- actions of the Chemical Affinities. 
Me renew our plowings, and uſe the hoe, with certain 
plants; becauſe frequent pulverization is neceſſary to re. 
ſtore that open ſtate of the ſoil, which natural gravitation, * 
and the compoſitions and decompoſitions of Chemiſtry 
tend conſtantly'to deſtroy,—but, without which, vegetation 
cannot be eaſily and vigorouſly carried on ;—becauſe too, 
the growth of thoſe native vegetables which are called 
Weeds, is to be checked, in order to promote the growth 
of ſuch as are to form our crop. and cannot be eſfectuall 
checked, without burying them from that acceſs of the 
Sun's light and heat, which is indiſpenſibly neceſſary to 
the due excitement of the vegetable energies in their 
upper parts. 
All the other proceſſes of Tillage, as well as theſe, 
will be injudicioufly conducted, unleſs due reſpect be had 
in them, as well to the chemical relations of the ſoil and 
the plants, as to mere mechanical agency. | 
EE £4 4. In the choice and the preparation of ſeeds, the aid 
and prepa- Of chemical knowledge is eſſentially neceſſary. It is che- 
— — © miſtry that teaches us, what plant beſt ſuits this or that 
ſoil, climate, and expoſure,—and whether it may be more 
advantageous—to ſow or to plant, — to ſow or plant at this 
or that time in the ſeaſon, —to ſow our grains in a dry 
ſtate or with a previous moiſtening which may prepare 
them for vegetating by bringing them into an incipient 
ſaccharine change in the compoſition of their parts. It 
teaches us to deſtroy by lime-water, and other ſaline ſo- 
lutions, that /mut in ſeed-corn, which has a fatal tendency 
1 | to 
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of Vegetation. 


nothing but a fine carbonaceous matter, perhaps only a 
diſeaſed ſecretion from the original ſeed, - perhaps ſome 
embryon animalculæ generated originally by the depo- 
ſition of imperceptibly ſmall eggs, and inceſſantly renew- 
ing their generations with the renewal of the crop, till 
they be, by the uſe of proper ſaline ſolution, deſtroyed. — 
Chemiſtry teaches to change ſeeds between ſituations, 
expoſures, ſoils, climates of conſiderably different character, 
by ſhewing us, that each ſoil, ſituation, expoſure, or cli- 
mate, has a tendency to favour ſome particular exceſs 


exceſs or paucity to be corrected only by uſing ſeeds in 


this ſoil has a tendency to encourage. It is by chemical 
diſcrimination, too, that we diſtinguiſh, how a well-ri- 
pened, large, pure ſeed is the fitteſt to afford a reproduc- 
tion of the plant, —becauſe it enters the moſt advantage- 
oully into that ſaccharine fermentation in which vegetable 
life has its commencement. 


5. While our corn and graſſes ſpring, the appea rances - 3% + 
they exhibit, are beſt to be judged of, by chemical princi- — of 


ples. Do they ſhoot up with an unnatural luxuriance ? 
There is a ſuperabundance of water undecompounded, of 
hydrogen, of carbon, perhaps al ſo of azote,a deficiency 
of oxygen, and of the incitement of light and heat. Do 


they grow dwarfiſh, and haſten before attaining vigorous 


full growth, into a ſtate of ripeneſs ? They are, then, too 
ſcantily ſupplied with water and with carbon, or perhaps, 
with water only. When dung, water, carbonate of lime, 
&c. are wanting, we ſee plants,—if the want be long and 


entire—to wither and die away :—This is—becauſe they 


do blaſt the hopes of the coming crop, and which is Book IN. 


or paucity of this or that principle of the vegetable,— _ 


which the exceſs or paucity are contrary to thoſe which 
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bit are abſolutely ſtarved, juſt as any animal might by want 
— of nouriſhment, be ſtarved. Rains and the application 
of manure, renew their growth, ſo as to make them (ud. 
denly revive and ſhoot up with extraordinary vivacity, 
becauſe their vegetative irritability is -in a ſtate in which 
It tends to drink up and to digeſt the new food with great 
avidity. When grains have attained the maturity of their 
growth ; they then in ripening, require much more than 
before, of the preſence of light and heat, and ſeem to dif. 
engage from their aliment and their ſubſtance uſually more 
ef oxygen ;—becauſe ripening is, in part, a ſort of de-oxy- 
genating proceſs, accompliſhed by the vegetable functi. 
ons. Froſt, by its tendency to extract and congeal water 
and gaſes, ſerving to carry off the exceſs of aqueous 
matter, operates with a power fomewhat ſimilar to the 
natural proceſs of maturation with the aid of light and 
heat, but haſtens that proceſs in a manner highly injurious 
tothe laſt perfection of ripening. 
38. 6. When corn is cut down, chemiſtry muſt direct the 
Sand armer | in the drying and the preſerving of it, &c. The 
Cem. 1, \ing is neceſſary to drive off that undecompoſed water 
which remains in the ears and the ſtalks, and which,— 
fince the energy · of the vegetative functions has ceaſed, 
would quickly effect in it a change in the order of the prin- 
Ciples, and would thus conduct it, gradually, to the en- 
tire decompofition of almoſt all its ſtructure by putrid 
fermentation. In the preſervation of your grain, in the 
ſtack, in the barn, or in the granary,—it is ſtill neceſſary 
to keep it from acceſs of water, moiſt air, or any fluid 
ſubſtance;—becauſe the preſence of theſe, would ſoon begin 
a new ſeries of compoſitions and decompoſitions which 


mi ſt end in putrefaction. If there be * ſcanty remain 
of 
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water in the grains, — that, and the extraive juice are to be Boox IX; 1 
expelled by drying it on the Kiln, before carrying it to be —— 5 : 
ground in the mill. After it is ground into flower or meal, 1+ 
—its cleaning foi bread, and all the other proceſſes to fit bo 
it for food, are of a chemical character. Fruits, roots : . 
and even other vegetable production are, in like manner, TY 
to be preſerved and prepared by chemical Arts. „ 

It is thus that chemiſtry furniſhes its aid in Rural ¶ co- | 'Þ 
nomy. | 
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SECTION THIRD. 


APPLICATION OF THE PRINCIPLES OF chEMis- 
TRY, TO EXPLAIN THE THEORY OF THE FUNC- 
' TIONS OF ANIMAL LIFE, IN HEALTH AND IN 


> DISEASE. 


ed Ba ANIMAL ſubſtances are, all,. —as we have already 
Life of Ani-(2en,—Compounds of the four grand chemical princi- 
ples, —Hydrogen, Carbon, Oxygen, and Azote,—with an 
addition of Lime, phoſphor, and alkali, But, no quantity 
of theſe elements, brought artificially together, in what- 
ever proportions, could afford animal ſubſtance in an or- 
ganized ſtructure. There is in animal organization, a 
mechaniſm, which merely chemical agency could never 
produce. Yet, even the artificial imitation of this mecha- 
niſm, added to the chemical imitation of the mixed matter 
of which it is compoſed, would, - were it poſhible,—never 
produce a living animal. A peculiar law of Nature,— 
that of generation,—gives the embryo form. The ſecret 
proceſs by which that embryo form is prepared to become 
the receptacle of life and ſenſibility, is carried on—only 
in the womb of the Female Parent, or in the extruded 
ovum. In what manner the ſeminal elements are prima- 
rily prepared in the bodies of both parents, is not, in all 


its minuteneſs, fully known. 
The 


. of Animal Life. 


The LivixG ANIMAL, when all the parts of its body Boox IX. 
are fully developed, preſents itſelf to us, as a curious fabric 


of Bones, Muſcles, Tendons, Ligaments, Nerves, Chyle, 
Blood, Fat, Bile, Aliments pafling by digeſtion into parts 


of the body, excrements thrown off, Lymph, and ya- Structure 
rious ſecreted gaſes and juices, differing in character, ac+ mal Bodyz 


cording as the proportions of the elementary principles are 
different in each. The bones, are the mechanical baſis, 
upon which all the reſt is ſupported. The muſcles are the 
principal fleſhy parts which connect all the fleſh and in- 


teguments with the bones, and are the grand organs of 


animal energy. The tendons and /igaments connect the 
muſcles with the bones, and with one another. The 
nerves have their origin and principal ſeat in that which 
is called the brain, whence they diffuſe themſelves 
throughout all the bones, muſcles, and other parts of the 
body to the ſkin or cutis vera, — making the whole as it 
were, one organ of ſenſibility ;——for, the nerves are, 
peculiarly, the ſeats and organs of ſenſation, without 
which it has no exiſtence, which beſtow it wherever they 
paſs, and which, — the more frequent they are in any par- 


ticular part, render its ſenſibility the greater, the more 


rare they are, leave ſenſibility ſo much the more im- 
perfect. Membranes wrap up the bones, muſcles, and 
other parts,. forming, every where, of each particular 
part, the exterior covering. Theſe different ſolid parts 
are diſtributed ſo as to form venters or large cavities, in- 
teſtines, arteries, veins, ducts, tubes, and all the hollow 
parts, the channels through which the fluid matter of the 
animal body flows, the mouths by which its ſecretions are 
performed, the reſervoirs by which it is ſtored up. The 
fluids are matter in a progreſs towards entrance into the 

| H h 2 | folid 


— — * . - 
1 TOY. 


* 
2 — — * — — © 
A „  OERT ISI”ETET 
"x 0 —_—_ 


=... 
— 


1 — 


CO 


wv. > ov. a 
U » - o 


— 


1 
vw 
A 


43 "> F A — . 4 - 
_ - --& . 4 9 9 9 * 
Nee 


. * %- I 
br Doe Rog od. es X 

1 2 . 

"— 5 1 * * 
3 Y — . 


484 


Book IX. 
Ster. III. 
YN 


Chemiſtry. - 


ſolid ſtructure of the body, they are formed from the ali. 
"ment which we take in, by the action of the ſtomach 
and the other veſſels, the moſt immediately connected 
with it. They aſſume, firſt, the character of chyle, They 
are converted, in the farther progreſs of the chyle, into 


Iymph and into blood. In its paſſage through the lungs, 


the blood takes in additions of air, by means of which it 
acquires the perfection of its character, and is prepared for 
thoſe ſecretions which it is to afford both while it paſſes, 
in the arteries, toward the extremities of the body, and 
when it returns in the veins to the heart. The mucus of 
the noſe, the ſaliva of the mouth, the cerumen of the ears, 
the ſemen, and ſo many other peculiar ſecretions by the 
glands, are but ſo many forms which the nutrimental 
matter aſſumes, while it is gradually elaborated for the in- 
creaſe and ſuſtenance of the ſolid parts. Of theſe ſecre- 
tions,—2 part is conſumed, perſpired, or otherwiſe emitted 
from the body,—the reſt is re-abſorbed, reſtored to the 
lymphatic ſyſtem, and by it, conveyed to enrich the 
chyle, and to render the blood, the lymph, and all the 
other fluids more generous,—then to give new perfection to 
ſubſcquent ſecretions, and to the ſolid mattcrs which are 
formed from them. The brain is the grand centre of ſen- 
ſation. The /tomach and bowels are the ſeats of digeſtion. 
Ihe liver ſecretes the bile by means of which the putre- 
tying excrement of the body, is carried off, without being 
ſuffered to do injury. The kidnies ſeparate the urine. 
The tefticles detach the ſeminal fluid, The nerves are 
probably filled with a peculiar gazeous fluid. And it may 
be, that other gazeous fluids are ſecreted and circulate in 
ather finer veſſels, - though Anatomy have not yet been 


able to detect tliem. The laeteals diſtribute the H from the 
ſtomach 
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Fomach into the glands by which it is elaborated into 2 1 

nouriſhment for the ſanguiferous ſyſtem. The Hmnkatics, - 

equally convey nouriſhment to the grand vital ſtream, — 

from the ſurface of the body ana from the ſurfaces of its 

various exterior veſſels, - through the elaboration of the 

glands A cellular membrane pervades and inveſts all the 

fibrous parts of the body, and is the organ of a variety of 

ſecretions.” Fat is depoſited at various parts, to facilitate the 

action of the ligaments, and to form a general ſtore of nu- 

triment which may be abſorbed by the /ym/rhatics for the ſup» 

ply of the H, whenever there is a lack of ſupply from the 

ſtomach, through the Lageals. Senſibility, in a greater or 

ſmaller degree of acuteneſs, pervades every part of the ſyſ- 

tem; maintains all the mechanical energies of its organs, 

and ſo contributes to all the chemical compoſitions, decom- 

poſitions, and order of relations within it, that, whenever 

the ſenſibility of any part ceaſes, the chemical ſtate 

of that part, is, at leaſt changed, —or it is perhaps wholly 

decompoſed. Such are, in general, the compoſition and 

ſtructure of the Living ANIMAI, —eſpecially of man, 

Ihe IMMEDIATE PRINCIPLES of the Animal Body, fo 

far as theſe are as yet known to Chemiſtry, have been 

particularly enumerated in the preceding Book. Its Che- 

mical Elements were named in the firſt paragraph of the 

preſent ſection. The Animal frame is connected with an 

informing, animating, ſentient principle, the laſt known 

cauſe of ſenſibility, - Which, through the medium of the 

nervous ſyſlem, perceives whatever affects the exterior 

organs, and which, by its power of exciting muſcular 

motion, becomes the cauſe of all Animal Activity. | 

The ANIMAL -thus framed, comes into exiſtence, in Clans of 
conſequence of coition between the male and the female ; Animal 
Life. 

Hh 3 an 
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Book IX, an act, in which the latter reecives ſeminal impregnation 
kay from the former. In the courſe of the due period of gef. 


tation or incubation, a new animal is organized, endowed 
with irritability, quickened, at length, into ſentient life, 
then excluded from the womb or the ſhell, and introduced 
into the world of animal exiſtence, as an independent, 
loco-motive, ſentient, intelligent being. In the womb 
the young animal was nouriſhed by the communication of 
aliment, through proper veſſels from the body of its mo- 
ther. After being excluded into an independent, ſeparate 
ſtate, it receives nouriſhment by its mouth, through the 
csſophagus, into the ſtomach,—and an addition of gazeous 
nouriſhment by the way of the trachea, into the blood in 
the lungs. While its life advances, all its organized parts 
are enlarged: its bones, its muſcles, its nervous organiza- 
tion, the capacity of its brain, ſtomach, and inteſtines, its 
 ligtbs, and all the parts of the ſtructure, in due proportion. 
Its mind and body continually re- act on one another ;— 
the anguiſſi of the mind, impeding the ſalutary perform- 
ance of the corporeal functions -- and the dexangemeut 
of the ſtate of the body, diſagreeably affecting the con- 
dition or the mind. It is liable to diſeaſe which tends to 
unfit its organs for the diſcharge of their proper functions, 
to deſtroy the harmony of its movements, to break the 
connection between mind and body, and in the end, to 
effect an entire diſorganization and decompoſition of its 
ſubſtance. Its diſeaſes may begin in any of its parts, —in 
the fluids or in the ſolids, — in the head, the ſtomach, or 
the inteſtines,—in the nerves, the muſcles, the bones, —in 
the limbs or in the trunk of the body, from the heart or 
at the ſurface of the ſkin. They begin, —either from 
remarkable exterior injury. —or from ſome cauſe which 

deranges 
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deranges the functions, without the operation of any ex- Boox IX. 


terior mechanical violence. They are, in their primary 
operation, local or general. Diſeaſes of the ſolids are 
chiefly local, at their origin : Difeaſes of the fluids more 
rapidly extend their agency, over the whole animal 
ſyſtem. All diſeaſes are at one period or another in their 
progreſs, attended with a FEvERISH derangement of the 
circulation of the blood. But, thofe which are properly 
called PE ERS, begin with this diſorder in the circulation, 
and with a correſponding diſorder in the ſtomach. Dif- 
orders having their commencement at a diſtance from the 
principal ſeats of life, ſenfation, and nutrition,—only be- 
come FEVERS—by conſequence, and in their ſecondary 
operation. Throughout life, all animals are conſtantly 
liable to difeaſe. But, from the period of the maturity 
of the animal, to that at which its ſtrength and vi- 
gour begin, in the ordinary courſe of nature, to decline, 
diſeaſes are leſs frequent and leſs dangerous than at other 
times of its age, In the human ſpecies, the animal attains 
its full maturity of growth in all its parts, between the 
ages of five and twenty and thirty years. From thirty till 
between forty and fifry,—if the energies of nature be not 
impaired by toil, exceſs, or unfortunate accidents, - the 
animal continues in the beſt perfection, of its health, and 
almoſt all its organization. From fifty, it continues to de- 
cline; and its chance of ſurviving becomes continually leſs 
and leſs, till, at laſt, between ſeventy and eighty, if it ſur- 
vive ſo long, the energies of life become ſo exceedingly 
feeble, that the lighteſt hurtful accident is ſufficient to ſtop 
them for ever. 


This is the outline of the hiſtory of the health and ſick- 


nels, the . and the decay of che Animal Economy. 
HAS .- New 
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Book. IX. Now, how is it, that ſuch a ftructure, in fuch circum- 


Ster. III. ſtances, iaſſeſſes ſuch ſenſibility, fraſſes through ſuch 4 


ſeries of changes of health and diſcaſe.— has ſuch an origin, 
—and ſuch a final decline ? 

IL. It is impoſſible, here, to deſcend into a detail of all 
Philoſophy thoſe facts on which the following truths or firobabilitics 
changes of are eſtabliſhed. But, every one of them expreſſes that 
Life, which is either the unque/ttonable general truth in the caſe 
to which it belongs, —or elſe that in favour of which a 
greater number of known particular facts conſpire, than 

can be muſtered for the ſupport of a different doctrine, 


5. 1. As the human, and other animal frames are com- 


Mechanical 


relations of poſed of fluids and ſolids, of veſſels and ſubſtances contained, 

— of farts in circulation and parts mechanically fixed it 
follows, that the Laws OF GRAVITATION, Or GENE- 

RAL CORPOREAL ATTRACTION IN PROPORTION TO 

MASS, muſt neceſſarily exert a great influence in pro- 

ducing the phœnomena of health and ſickneſs. The 

bones ſupport the muſcles, by virtue of their mechanical 

hardneſs and conſolidation. The food which animals eat, 

deſcends not into the ſtomach, without a due effect of its 

gravity, While the fluids circulate through the ſolid 

tubes in which they are contained, the relations between 

fluid and ſolid, between hard and ſoft, between denſe and 

rare, have an influence in their movements. The whole me- 

chaniſm of the Animal Body is admirably adapted to give 

to its organic functions, all the advantages which it can 

derive from the moſt elegant and exact conformity to the 

known laws of Hydroſtatics, Hydraulics, Mechanics. In 

| the motions of the arm, the foot, the jaws, the tongue, 

& c. theſe parts exhibit the moſt exquiſite. mechanical 

contrivance, to give them the greateſt ſtrength with the 

ſmalleſt 
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ſmalleſt bulk, the greateſt facility of motion with the 


—_ — — 
— —— — 


4% 


Boox IX. 
Ster. III. 


ſmalleſt poſſible operoſity or complexity of parts. In. 


wounds, in bruiſes, in every caſe in which diſeaſe” pro- 


duces alterations of the denſity, the gravity, the hard- 


neſs, or other mechanical qualities of the parts of the 
human body,=that diſeaſe muſt in no ſmall degree, de- 
pend upon mechanical cauſes. But, there is, indeed, no 
diſeaſe in which thoſe alterations are not more or leſs 
occaſioned. There can be none, therefore, in which me- 
chanical cauſes have not a conſiderable influence. Thoſe 
phyſicians did not entirely err,—-w/o, about the time 
when the mechanical philoſophy was, —in the end of the 
laſt century, and the beginning of the fireſent, —cultivated 
the moſt ardently and the moſt diligently, - choſe to ap- 
ply that philoſophy, even with many nice mathematical 
calculations, to explain many of the changes of animal 
—_ and ſickneſs. 

2. As the vital frrincifile and the Bodily organization of 


be the ſpring of movement and ſenſibility ; as the motion 


6. 


Influence 
1 are fo intimately united; as the former ſeems tog 


in the Ante 
mal tunc- 


Vitali 


of the limbs, the circulation of the blood, the digeſtion tions, 


of our aliments, vivacity or langour in the orga.is—as to 
their power of exerciſe, the duration and the refreſhing 
influence of fleep to the body, depend ſo conſiderably 
upon the ſtate of the mind, and vary with its changes :— 
It is reaſonable to conclude,—that v1TALITY or the fle- 
culiar energy of Animal Life, muſt, alſo, have the moſt 
powerful influence in regulating the whole phœnomena of 
health from the firſt quickening of the embryo into life, 
in the womb, till Life is again extinguithed in the Animal 
Frame, and it ſinks to moulder in the grave. 

3, But, 


| 490 | Chemifry 
i Boon IX. 3. But, the point of contact between the /ou! or vita! 
| or. III. nas frincifile and the material organization of the Animal, is 
| | utterly unknown. . We cannot, therefore, account for a5 
the phœenomena of health and ſickneſs, merely from the 
conſideration of the mechanical relations of the parts of 
the frame, and the vital energies by which theſe are go. 
verned. Beſides, the Animal CEconomy is ſubject to a 
thouſand influences from - without, in the efficiency of 
which, it is plain that ſomething elſe than mechaniſm and 
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vitality muſt be affected. 
| 2. In truth, we may know from the moſt certain, irrefrag. 
—— able evidence, that CHEMICAL CAUSES frerform far the 
; — mw —_ moſt imfiortant frart, in regulating the HEALTH and 


4 Animal SICKNESS of the Animal Frame, 

q c Gravitation or general Attraction never acts without the 
intervention of the CHEMICAL ATTRACTLONS,—CXcept | 

detween bodies diſtant from one another, and abſolutely 

withheld from mutual contact. It is probable from every 

analogy and appearance, though, not indeed, ſufficiently 

certain; that even the Sun, and the different planets rol- 

ling around them, are not divided from one another, by 

any wide intervals of entirely empty ſpace. But, where - 

ever matters come into mutual contact, — there CHEMI- 

CAL CHANGES are continually going on. If two bodies 

| happen to be contiguous to one anather, of which the 

parts in their preſent aggregation have no tendency to the 

recipiocal decompoſition of theſe bodies, and the forma - 

tion of new compounds; continual movements and 

changes enſue, till, at laſt, other affinities are brought to 

co-operate, and the decompoſitions are accompliſhed. 

The atmoſphere is * inceſſant alterations in the 

| chemical 
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chemical compoſition of its parts. In the waters, on the — Xx. : 


3 
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furface of the earth, above all, wherever fire acts the 
moſt powerfully ; ſuch chemical changes are inceſſantly 
taking place. In inanimate Nature, however, the che- 
mical changes are in truth few, if compared with thoſe 
which vegetation is continually accompliſhing. It is by 
the functions of vegetation, that endleſs diverſities are pro- 
duced in the permanent combination of only three or 
four ſimple principles. In Animal Life, do we not ſee 
undeniable chemical changes in the differences between 
the ſve, the excrement, the fleſh, the various humours, and 
in the infinite diverſities which theſe humours exhibit in 
health and ſickneſs? Is there a ſingle inſtance, in which 
changes of minute parts, are effected, without the interven- 
tion of Chemical Agency? Is there any caſe in which the 
force of aggregation is ſufficiently diminiſhed, without be- 
ing followed by chemical changes? Is it not true, that the 
more powerful and the more conſtant the mechanical 
agency. ſo much the more completely and actively are 
the chemical attractions brought into play ?— 

It cannot be denied, that the Chemical Aitractions are 
evidently ſuſceptible of being combined, more intimately 
than the laws of Genera! Gravitation, with the functions 
of Animal Life. Whenever the Chemical Nature of the 
fecretions is altered; the animal functions are more or leſs 
affected by the alteration. Every difference in the compo- 
ſition of the air which we breathe, of the food we eat, of the 
atmoſphere—-whatever it is—to which the excretory and 
abſorbent veſſels of the ſkin are expoſed, produces more 
or leſs of difference in the ſtate of the feelings and func- 
tions of the Animal. And, /ince, the finer, and the more 


divided the ſtate into which matter in general is reduced, 
ſo 
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Chemiſtry. 
os Wo much the more certainly is its general gravitation 


till loſt in the chemical attractions ;—may we not in 


fair reaſoning conclude, that, between the laſt mechanical 


movements and the firſt mental energy, in every joint att if 
the human ſoul and body, there take filace certain chemical 
changes connecting gravitation and mechaniſm with the im- 
material frower. It cannot poſſibly be otherwiſe, —unleſs 
all the wonted laws of Nature, be, contrary to appear- 
ances, in this particular inſtance, violated. Vibrations! 
Altered configurations of the organs. of ſenſation ! Can 
theſe be the ultimate changes which take place in the 
communion between mind and body ? Never. It is con- 


| felled, that, with theſe, there muſt be ſome interior 


nervous changes.—By all the laws of analogy, we muſt 
conſider theſe nervous changes as chemical. | 

It is nat, then, a thecry, a hyfratheſis, a fancied ſyſtem, 
but DEMONSTRATED SCIENCE,—ſcience as certain as 
can poſſibly be obtained where the many-changing 
phaſes of material exiſtence, are to be particularly watched, 
-—which teaches us,—that ALL THE ULTIMATE 
FACTS IN THE HISTORY OF THE ANIMAL CEco- 
NOMY,—IN HEALTH OR IN SICKNESS,— ARE NECES- 
SARILY CHEMICAL, The chemical attractions form the 
laſt diſtinguiſhable ties in the intercourſe between mind 
"and body. As matter mult be in its extreme minuteneſs 
and tenuity, where it is accommodated to receive the firſt 
impulſes of an informing mind; ſo chemical influence 
muſt, in that particular condition, be more powerful 
over it, than in any other. 

What, then, ſhall we ſay of thoſe drivellers in medi- 
cal ſcience who talk of sPASM and $T1MULUs, of vi- 
BRATIONS and IRRITATIONS, as the ultimate general 

| tacts 
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facts in the phyſiology of Animal Health and Senſation, Boos IX, 
a Szcr. III. 

ho conſider Vitality and Mechaniſm as the ſole , _— 
cauſes of every phœnomenon of the Animal Functions, 
— who, to lay aſleep ſcientific enquiry, to amuſe their 
own. torpid minds and thoſe, of others, to delude the 
world with a vain ſemblance of knowledge in a caſe of the 
moſt ſerious and awful importance, uſe metaphorical _ 
terms in which all clearneſs of ſcientific meaning is lolt ? 
What ſhall we ſay of thoſe, who, in the commencing 
application of chemiſtry to medicine, apply the newly 
diſcovered chemical powers, as if they were to operate, 
not naturally, but by ſome unaccountable ſpecific power, 
—who mingle ſomething of the language of chemical me- 
dicine, with the miſerable mummery of /ha/m and ftimu- 
lus, and all thoſe terms which are ſo much in every per- 
ſon's mouth—becauſe they can be uſed without mean- 
ing? Indignation ſufficiently warm, contempt too arrogant, 
can hardly be felt in reſpect to ſuch men. Art and 
Science are, in their hands, made, alike, the bane of hu- 
man life. | 

4. Let it be granted, then ;—that health and fickneſs, 8. 
in all caſes, depend principally upon the ftate of the 2 
mical relations of the. parts of the Animal CEconomy ;— ce 
and that the intimate phœnomena of ſenſation depend, ot health 
more probably upon chemical changes continually taking 
place in the Nervous Syſtem, than upon any other cauſes 
which have as yet been aſſigned:— | 

How do we apply theſe general truths to all the vary- 
ing phœnomena of life and ſenſibility from the generation 
of the animal to its final diſſolution? | 

Here, we cannot attain to the ſame certainty, as in the 
explication of the general truths. The field is too im- 


menſe, 
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| 2 In menſe, and has, as yet, been far too little cultivated, 
— Let us however, make a firſt attempt to illuſtrate it. 


The Semen is deſcribed by the moſt accurate chemical 
phyſiologiſts, as a combination of mucilage with water, 
pure ſoda, cryſtallized phoſphate of lime, and phoſphate 
of ſoda. Depoſited by impregnation, in the matrix 
where it is to be quickened into life, this ſeminal matter 


Is, there, probably, prepared by certam chemical changes, 


for its firſt organization and irritability. To this inferior 
vitality, rather vegetative than animal,—the ſenfibiliry 
and volition of animal life, are added, as ſoon as—the 
neceſſary- organization has been ſufficiently unfolded— 


the due relative diſtribution of the ſolids and fluids, made, 


the circulation and ſecretions of the fluids, eſtabliſhed, 


For a while, the embryon or infant animal is nouriſhed— 


by matter prepared around it in the ovum;—by the pha- 
centa,—by a communication of circulating chyle from the 


body of its mother. During this firſt progreſs of its exiſ- 


tence ; the proportions of all its chemical principles, eſpe- 
cially of its oxygen and caloric are augmented ; the chemi- 
cal compoſition of thoſe which have been called the imme- 
diate firincifles of animal bodies, commences in it; and 
it acquires that bulk and ſtrength of organization, and that 
vivacity of life which are neceſſary to fit for ſeparate 
exiſtence. | | 

[Excluded into a ſtate of ſeparate exiſtence, it is to be nou- 
riſhed by milk and other ſubſtances reduced as much as 


- poſſible into the ſtate of chyle, before they are con- 


veyed into the ſtomach, —by oxygen and caloric inhaled 
at the lungs, -by water and gazeous matters imbibed by 
the action of the abſorbents on the ſkin. Tt continually 

2 | | gives 
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grvesout—lithic acid, with phoſphoric, calcareous, andalka- Book IT. 
line falts—in its wrine,—different excrementitions fluid . 
at the ears, the noſe, the eyes, the mouth, and from the 
excretory veſſels on the ſkin,—and a ſoft ſolid excrement 
from the anus. The reſt of whatever nouriſhment it 
E takes in, is converted into the ſolid ſubſtance of its body, 
after long elaboration, and ſucceſſive depoſition by the fluids. 
The whole excrementitious matter, — whatever its form, 
and however it be given out, - conſiſts either of an exceſs 
| of ſome one, or of the whole, of the neceſſary frrincifiles taken in 
as nouriſhment, of matter which was requiſite to the elabora- 
tion of the fluids and ſolids, but is not to be finally fixed in 
the ſubſtance of the body. matter which has been fived in 
the ſubſtance of the body, but is, by new chemical changes, 
extricated and evolved,—or of new com uns formed 
within the. body, in con/equence of diſeaſe. The matter 
that is fixed within the body, er retained in a fluid form, 
enters into the blood, the fat, the bones, the bile, the 
lymph, &c. But, nothing can be more frrobable than that a 
ſart of it, takes an ELASTIC- FLUID form, fills the finer 
veſſels, but eludes the diſcovery of the anatomift, becauſe it 
cannot ſub/it in its elaſtic-fluid form in the temſterature of 
death, All the analogies of Nature and human life, fa- 
vour this opinion. There can be nothing more probable, 
than that there does, indeed, exiſt a nervous fluid of extra- 
ordinary elaſticity, —in the changes of which is the laſt 
intercourſe between the material and ſpiritual parts of 
the Animal, —and which is death, in driven off or reduced 
to fixity. | 

The growth of the infant ſeems to be in a great mea- 
lure, the reſult of ſenſation and volition, acting through 

a enemical 
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Boox IX. chemical media. Every hour of the young animal's exif. 
3 ence preſents new objects to his ſenſes, pours new know. 


ledge into his mind, excites him to new and reſtleſs ati. 
vity. Theſe multiplied ſenſations, this increafing know. + 
ledge, ſuch impatient activity, promote all the mechanical 
movements of all the parts of his frame. The mechanical 
movements ſerve to give the changes of poſition, of mix- 
ture, &c. which are neceflary to quicken and augment the 
chemical agencies. 'The quickened and augmented che- 
mical agencies,—increaſe all the ab/orptions and ſecretions, 
—increaſe the depoſition of matter to enlarge the ſolid 
parts,—increaſe, alſo, the formation of thoſe elaſtic 
fluids which are the laſt reſults of animalization. Thus 
grows the frame,—till activity becomes, at length, le 
briſk and reſtleis.— till the muſcle and the nerve have ac- 
quiredu rigidity of texture in which they are leſs obedient 
to the power of ſenſation and volition, till new ſecretions 
and excretions take place by which all that matter 1s 
carried off, which might have been, otherwiſe, converted 
to augment the general bulk of the Animal Organization. 

All the diſeaſes. of infancy are plainly to be referred to 
the pre-eminent influence of chemical agency. Many of 
them ariſe from indigeſtion in which the fomach and the 
freculiar juice ſecreted into it, being rendered unable 
to produce the requiſite changes of chemical compoſition 
upon the ſubſtances conveyed into it, gives riſe to a ſub- 
ſequent diſorder in all the ſecretory and circulating ſyſ- 
tem. Others enſue from diſorders in the Lymphatic Sy/trm 
and the abſorbents, of which in their firſt feebleneſs and 
mitability, the chemical euergies are eaſily injured, and 
the abſorptions and ſecretions altered, by the imperſect 
digeſtion of the ſtomach, or by the different influence, 
which 
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which may act upon them at the ſkin. One of the firſt Book 1d. 
remarkable events which takes place in the progreſs of the : 
child's growth, is the froduction of its TEETH, This is 
evidently, a chemical ſecretion. An extraordinary quan- 
tity of frhoſphate of lime has been for ſome time forming Texthing, 
in the blood and other fluids. It is more than is requiſite 
for the due growth of the former bones. It is depoſited 
in new organs in a ſituation to which it is naturally drawn 
by keen ſenſation and volition. Its ſecretion and depoſi- 
tion powerfully affect the whole circulating and ſenſitive 
ſyſtem, and call into exerciſe, the whole chemical energies 
of the body, It therefore excites fever, and endangers 
the health. The chemical proportions of the different 
fluids in the body, are more or leſs altered from their pro- 
per ſalutary ſtate, by this great chemical change: And, it 
is not till ſome time after the ſevereſt throes of teething / 
that the child recovers its full vigour. 

But, what is the ordinary ſucceſſion of the chemical gucceftion 
proceſſes, in the Animal Functions of the Body in health ? *fChemical 
—The Stomach poſſeſſes a muſcular energy to affiſt in in the I -g 
whatever comminution of the food may be requiſue, . 
that which has been effected in the mouth. Solids paſs 
into the ſtomach, intermingled with the /q/iva from the 
falivary glands of the month. In the ſtomach, they are 
farther mingled with the gaftric juice, in a certain warm 
temperature, Animal ſubſtances pretty generally. vege- 
table ſubſtances, for the greater part,—are here, in conſe- 
quence of comminution in the mouth, mixture with the 
ſaliva, ſubſequent mixture with the gaſtric juice, expo- 
ſure to the muſcular action of the ſtomach,—brought as 
nearly into a ſtate of putrefactive fermentation, as is poſ- 
lible, without that fermentation actually taking place, 
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3 4 Hi. They are now transferred into the lacteals into ſome dif. 
— ference of temperature, a difference of conſiſtency, a dif. 
ference of ſituation with reſpect to the veſſels prepared to 
receive them. As they paſs at every different change of 
veſſel, at every different gland, peculiarities of tempera. 
ture, of comminution, of matter prepared to attract a part 
from the ſtream into union with itſelf, occaſion new Che- 
mical Combinations,—the various fluids, ſolids, and gaſes 
which are neceſſary to the Animal's health. Iu their pro- 
greſs, the blood and the lymph are undergoing continual 
changes. As the blood is altered by the depoſition of one 
part, or by one ſecretion, it is renovated by new matters 
poured into it from the abſorbents. Theſe matters are ne- 
ceſſary to the new attenuations, combinations, depoſitions, 
ſecretions which are to take place in its farther progreſs, 
Thus is the generous ſtream ſtill kept up, and renewal, 
Kc. to afford all the peculiar fluids, all the gaſes, and all 
the different ſolids which are to be formed from it. The 
ſmalleſt alteration in the abſorptions and ſecretions, alters 
the character of the blood. When the period for the ſe- 
cretion of the ſeminal fluid arrives, another great change 
takes place in the Conſtitution of the Animal. There is a 
fort of convulſion of Nature when this new ſubſtance 
comes to be ſeparated from the Flood. If it be ſeparated 
in too great quantity, and ejected from the body, ſo as 
to leave no re-abſorption ; the frame is weakened, and 
the ruin of the health endangered. Its regular ſecretion 
and re-abſorption in a proper quantity enrich the blood, 
more than any thing elfe, and contribute in the moſt re- 
markable manner, to the perfection of all the finer fluids. 
The formation of this fluid is evidently ſubject to chemical 
laws. The relations of mechaniſm and the power of vo- 
lition, 


of Animal Life. 499 


lition, are more imperfeC i:: their influence upon it. Che- Boox IX. 
mical changes are gradually induced upon the ſolids, and V5 
upon all the veſſels which theſe compoſe, till the ſecretions 
of all the finer fluids are altered, and the blood by conſe- 
quence loſes its former chemical character. Irregular and un- 
healthy ſecretions enſue. Theſe continually alter the blood, 
and the alteration of the blood, alters the ſolids ; till /an- 
guification, circulation, ſecretion, ſolidification, are ſtopped 
for ever. It rarely happens that life is thus gradually deſ- 
uoyed. In its ordinary courſe, while the chemical 
changes become continually more and more inconſiſtent 
with a ſtate of health; the mechaniſm is alſo weakened 
and deranged: and all the corporeal parts become leſs and 
eſs obedient to the influence of underſtanding and volition. 
In this ſtate of things, the {lighteſt mechanical convulſion, 
the ſmalleſt chemical diſorder, even a moderate burſt of 
paſſion affecting the feelings of the mind, will be ſuffi- 
cient to interrupt for ever the vital functions. It is ſeldom E 
that vitality is ſuffered quietly and inſenſibly, to periſh, 
without being deſtroyed by ſome ſort of irregular force. 

To enter, yet more particularly, in one or two caſes, 
into this inveſtigation ;—what is it that medical Theoriſts 
have calledsTIMULUs? Something that excites all the func= 11 
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trons of Vitality into briſker and more energetic activity. = 2 5 
The things which accomplith this, are almoſt all the ap- ir ? 
petites, paſſions, and affections of the mind, but fear or . 
forrow,—almoſt all lively motions of the body,. either Y 9 
oxygen, azote, hydrogen, or carbon, or any very 49 
ſimple ſubſtances preſented to the ſtomach or the ab- 14 
ſorbents, in a ſtate in which they can paſs without any ? 


effort of internal chemical decompoſition, to the immediate 
lupport of life. Alcohol, æther, opium, aroma s, gas- 
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Poor IX; ammoniac, gas-0xygen, water and beer impregnated with 
hay Carbonic acid, all ſimulate for no other reaſon but becauſe 
all theſe matters preſent the firſt elements in the chemical 

- compoſition of animal ſubſtance, in a ſtate in which they 
enter with the rapidity of lightning into the compoſition 

of the moſt exquiſitely fine parts of the animal frame. In 

its ordinary chemical compoſition, the Animal Syſtem is 

always ſuſceptible of receiving with advantage an extraor- 
dinary addition of any one of its four elementary parts of 
Hydrogen, Carbon, Oxygen, or Azote. To a certain 

degree, this addition will only ſerve to enliven the neceſ- 

Theory of ſary ſucceſſion of the chemical proceſſes, —juſt as any che- 
 Prunken- mical compound is formed in the laboratory only ſo 
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25 much the more readily on account of the preſence of one 
(3 ; of its ingredients, ſomewhat in exceſs,—or, juſt as the 
6 functions of vegetation, are, for a time enlivened by 
4 exceſs of dung, water, lime, heat, light, &c. But, this 
2 exceſs, augmented, will have a neceſſary tendency to de- 
4 range the whole order of chemical proceſſes in the Ani- 
1 mal Syſtem ; preventing what Mould take place ſubſequently 
1 in one ſeries of veſſels, by means of that which does take 
7 place, fireviouſly, in a different ſyſtem of veſſels. Hence 
1 any one of the four elements of animal ſubſtance, though 
1 when firſt preſented in exceſs, it quickens and enlivens the 
1 whole functions, yet, if continued to be preſented in the 

ſame exceſs, deranges thoſe functions, inverts them, makes 


them languid. The feelings of the vital principle, and a fort 
of diſorder in the mechaniſm and hydraulics of the frame, ac- 
company all this. But, it is, nevertheleſs, chemical in- 
Fuence that has the moſt important action throughout the 
whole. The Animal functions are what they call—/:- 


mulated, when an addition of an element ready to enter at 
| once 
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once into the fineſt ſubſtance of the body enlivens all the 1 


train of internal chemical proceſſes. They are relaxed by. — 


the ſame element, when it continues to be added in ſuch a 
great excels, as to produce in the whole digeſting circulat- 
ing, and ſecreting Syſtems, new chemical combinations 
by which the animalization of the matter taken in for the 
ſupport of the body, 1s vitiated or utterly deſtroyed. A 
certain quantity of alcohol, of zther, of gas-oxygen, &c. 
enlivens and invigorates. Addition of any of theſe mat- 
ters, to a great exceſs, produces oppoſite effefs. That 
STIMULUS fo called which is received from quickened 
bodily motion, is ſimilar in its operation. Applied to a 
certain degree, this increaſed motion, only makes all the 
internal chemical proceſſes to proceed with a ſalutary in- 
creaſe of activity. Continued beyond a certain period, it 
alters the order .of the chemical compoſitions, produces 
compounds unfit to enter into the ſubſtance of the Animal 
body in health, and thus relaxes and enfeebles the whole 
frame. As to that excitement or STIMULUS—t9 w/e the 
cant language of a fooliſh theary==which originates in the 
reſolutions and emotions of the mind ;—its action is not 
very diſhmilar to that of bodily motion. It firſt quickens 
and thus improves the whole ſeries of chemical proceſſes 
belonging to the Vital Functions. But, any one high 
emotion of the mind, if long ſuſtained deranges the vital 
functon and relaxes the vital energy, by deranging the 
interior chemical proceſſes, and occaſioning a production 
of compounds ſuch as cannot advantageouſly c r into 
the compoſition of the human body in health. in all 
theſe changes, — both thoſe which are ſalutary, and thoſe 
which are otherwiſe, —it is ſtill CHEMICAL AGENCY 
which operates with predominant influence and aCtivity. 
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Book. IX. MECHANICAL AGENCY acts more remotely, and ; is not 
able to reach to the minute diviſions and combinations of 
matter. MIND is not predominant over that matter in 
which it is embodied—to ſuch a degree, as to ſway the 
ordinary laws of matter to its will. It is, therefore, that 
Chemical Agency predominates—though not without a 
13. due conjunction of the two other influences. 
— Animal Heat ſeems to conſiſt in the quantity of Caloric 
cConſtantiy preſerved within the human body. That Ca- 
loric exiſts there, either in combination with the ſolids, 
the liquids, and the gaſes of the body, or in the ſtate of 
tranſition, out of one combination into another. That 
Caloric which exiſts in actual combinations, cannot make 
itſelf ſenſible otherwiſe than by the rarefaQtions and 
attractions of thoſe combinations. Zhat alone is /en/ib/: 
heat which is in the act of tranfition—out of one combi- 
nation into another, Heat and cold become diſcernible to 
our ſenſes, whenever ſuch tranſitions take place. When 
the tranſition is from a /o/id to a liquid combination, or a 
liquid combination to elaſtic fluidity, — there is a ſenſible 
diminution of heat. If, on the other hand, the tran/irion 
be from a rarer to a denſer ſtate of combination, —the 
heat is, then, ſenſibly increaſed by it. All diſengagement 
of liquid or gazcous matters from the human body, tends 
to diminiſh the quantity of its caloric or ſenſible heat, — 
Al! fixation of matter from a fluid or gazeous into a ſolid 
ſtate, increaſes thai ſenſible heat. As molt of thoſe ſub- 
ſtances which we take, as food, into the ſtomach, are to 
paſs, iu digeſtion, trom a denſer to a rarer ſtate, —theſe do 
not, generally, augment the ſenſible heat of the animal 
body. On the other hand, the gas inhaled by the lungs, 
or imbibed over the ſurface of the body, by the abſorb- 
| _—__ 
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ents, paſſes, in nouriſhing the human body, from a rarer Book I 


— 


to a denſer ſtate, and, therefore, giving out Caloric in the 
tranſition, neceſſarily contributes, in the moſt eſſential 
manner, to maintain the animal body at its due warmth 
of temperature. The natural functions of the Animal 
(Economy tend continually, though not at all irreſiſtibly, 
to maintain the Animal Body in its ordinary temperature. 
When the tranſitions of the Caloric are greatly multi- 
plied, then theſe neceſſarily produce new combinations, 
fluid or gazeous; which, paſſing off in ſweat, tend to 
counteract that too rapid fixation of matter in the body, 
by which the increaſe of its heat had been occaſioned — 
When, on the contarary, the tranſitions of Caloric within 
the body are diminiſhed, there is, in many circumſtances, 
a natural tendency in the frame to imbibe a greater pro- 
portion of Caloric from without, by depoſitions on the 


503 


lungs, and by abſorptions at the ſurface of the ſkin. The 


voluntary energies of vitality tend to increaſe the quantity 
of heat in the ſenſible tranſition through the body, by 
quickening all thoſe movements, by means of which the 
fixation of matter within it, is promoted. Bedily Motion 
does the ſame thing, quickens, mechanically, all the in- 
terior movements, ſo as to promote, for a time, all thoſe 
chemical changes and ſecretions which belong to the ani-- 


mal functions. 


After all this, ſhall we heſitate to refer almoſt all diſ- n 74+ -. 


eaſes to a chemical origin? In what diſeaſe is there not areprinci- 
pally che- 
mical. 


an alteration of the digeſtion in the ſtomach, of the ſecre- 


tions in the bowels, of the circulating fluids, in whole or 


in part, of the ſecretions and abſorptions at the ſkin, or 
even throughout the whole lymphatic iyſtem — FY vers 
of all ſorts, in which fever is the primary and principal 

114 diſorder, 


PROS TY TORT TWO 


— 3 i 2 2 * 2 1 33 2 4 x —_ * 
, . - * — ” 2 — 8 63 * 4. — 
; EL BP Nah * . K — | 8 
reren * 280 , * a 4 tee - 
-% Y » . ; # : "FF or... O- . V * — 21 * v4 * - 2 
3 «WV * 1 4 —- . — oy, 4 - : — 7 4 N 8 — — 5 
* * * * 12 L l q * i > - a” "IX" LS ELSE ha . — 


Ca. 


= 0 "IMC o _- * 4 *. = 8 <> 
- . 79 PCS —_ HEE + . 


GET Bog BEA. HE. 4 A+ 


yy > 


— — 
: 


I 


504 | Chemiſtry. 


Book Ix; diſorder, originate chiefly in a diſproportion in the ſupply 
OC either oxygen, azote, hydrogen, or carbon. It is 
ofteneſt from a deficiency of oxygen that they take their 
riſe; for the whole proceſſes, both of animalization and 
vegetation, are, plainly, in a great degree, proceſſes of 
oxygenation,—and at length in their natural decline, of a 
Now de-oxygenation, produced either by the fixation, or 
the evolution of oxygen in a proportion greater than that 
in which it is taken into the animal or vegetable body. 
Fevers vary in their character, according as it is carbon, 
hydrogen, oxygen, or azote, which is, in this or that one 
of them, preſent in exceſs, or defective. The exceſs may 
be taken in, either at the ſtomach, by the lungs, or by 
the abſorbents of the ſkin, It is moſt frequently by the 
abſorbents that the contagion of fever is received—How 
account for contagion, otherwiſe than by the conſideration 
of its being diffuſed in gaſes? How account for the diſ- 
perſion of contagious effluvia through the air, when the 
analyſis of that air affords only gas-hydrogen, gas-oxygen, 
carbonic-acid-gas, or gas-azote ;—unleſs we believe that 
the infection muſt, for the greater part, conſiſt in the al- 
tered proportions of theſe four gaſes? Does not feveriſh 
infection in its commencement act ſomewhat as the appli- 
cation of yea/?, to bring on the vinous fermentation in the 
decoclion of malt—or that of a red heat to produce the 
commencement of burning in our ordinary fires A com- 
mencement of the chemical changes in fever, and in theſe 
other inſtances, needs only to be produced by the preſence, 
—at any part—of the animal body,—of the decoction of 
malt, —of the combuſtible heap,—the preſence of the ex- 
ceſs of matters neceſſary to give that ſtrength of affinities 
which will begin the threatened decompoſitions. When 
theſe 
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al have once commenced, that matter Book IX. 
which has once changed continues to furniſh the affini ities CAL 
requiſite to produce the ſame change on the ſound matter 
contiguous to it. Thus is feveriſh infection diffuſed 

through the whole human frame, till it is ſtopped by ſome 

cauſe acting from within, or from withont—or terminates 

in the final derangement of all the changes of the organic 
functions, and in the conſequent diſſolution of life. —Ee1- 
DEMICAL feyeriſh diſtempers, in various inſtances, as of 

the meaſiles, the ſmall-pox, &c. can take place only once 

in the courſe of life, in the ſame animal. To what mall smaller. 
we attribute this? It is, no doubt, produced by a peculiar 

fecretion which, for the firſt time, induces a change upon 

the action of the abſorbents at the ſkin,—a change by 

which the whole chemical changes in the body are materi- 

ally influenced, but which alters the energies, the ordinary 

action, and even the ſtructutes of the abſorbents at the 
{kin—an alteration that renders future infection, and conſe- 

quent fever, for ever impoſſible. As the infection of the 

ſmall- pox is owing to a peculiar animal ſecretion, — not to 

a mere variation in the proportions of the gaſes in the at- 
moſphere,—it may, perhaps, by extraordinary preventive 

care, be at length entirely extirpated from among man- 

kind, But ſuch an event is ſcarcely to be expected, if we 

conſider what complex, widely-extended and long-conti- 

nued cares it would require. What has been ſaid of late 
concerning the poſſibility of effectually anticipating the ( 
ſmall-hox in the human body, by inoculation with the 
cow-fiox—a ſimilar, but much leſs feverith diſcaſe,—is but, 

in part, tolerably juſt, and is to be explained, where it is 83 
juſt, upon chemical principles. The inoculatizu of the 

c0w-pox induces a change upon the chemical action and 
relations 
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non IX relations of the abſorbents. which, in ſome caſes, may 
— produce that permanent alteration, of which the new aff. 
nities may, for ever, prevent the infection of the ſmall. 
pox, in other caſes, may fail to accomplith this complete 
alteration, even though it come very near to it. The ef. 
ficacy of the cou io, as a, preventive of the ſmall-fox, 
muſt, therefore, vary exceedingly, with every variation of 
circumſtances. A difference in the malignity of the mat. 
ter, in the health, the ſex, the age, of the perſon inocu- 
lated, in the circumſtances of air, &c. in which the fever 
from inoculation was induced; in a thouſand other acci- 
dents of the diſcaſe, will produce correſponding difference 
in the power of the cow-pox, as a preventive. - But, ſurely 
it is not prudent, without the hope of advantages more de- 
ciſive and more important, than this project promiſes, to 
introduce a new poiſon into the number of thoſe infections 
by which the health of man is already ſubjeQ to be deſtroyed. 
Gout—has it not its origin in a derangement of thoſe che- 
mical actions by means of which the matter of the bones 
is ſecreted ?—Rheumatiſm,—what is it but an alteration in 
the electrical caſiacities of thoſe parts of the body in which 
it is felt. Even palſy, and all that train of diſeaſes which 
ſeems to leſs accurate obſervation, to depend chiefly upon 
a deficiency in the ſpiritual energies of the frame, — will 
be to have, for the principal part of them, an alteration 
in the chemical parts of thoſe finer animal functions which 
they deſtroy ? Scurvy evidently depends upon a deficiency 
of the proper quantity of carbon in the ſyſtem, and upon 
the paſſage of crude, undecompoſed neutral ſalts into the 
blood. The Stone in the Bladder—Does not it originate in 
the formation and detention of an exceffive quantity of 
lithic acid within the body Fevers are e ufualy attended 
wich 
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an exceſſive ſenſible heat in the body. Exceflive diminu- L. my oh 


tions of the ordinary heat of the human body, or a 

tions to it, are apt to induce fever. The exceflive heat 

which follows upon fever, is, no doubt, occaſioned by 

4 too raid fixation of the fluids ; Exceſſive additions of 

heat—occaſion fever - by producing this too rapid fixa- 

tion; Exceſſive cold acts by altering the order of the che- 

mical affinities which act in the vital functions in ordinary 

health. In the caſe of in/anzty, and other diſorders which 

ſeem to depend much more on the ſtate of the mind, than 

on that of the body, it will be found, that the grand phe 

nomena of the di ſtemſier conſiſt in a diſordered chemical for- 

mation of thoſe exquiſitely fine gaſes which move in the veſ- 

fels of the nervous ſyſtem. 

Aſk we, what advantages are to be expected from the 18. 
medicinal uſe of the gaſes? It muſt be owned, that, as Medicinal 
of the ; 

theſe gaſes have been, hitherto applyed in medicine; they Gaſes. 2 

have ſerved for little elſe, than to evince the deliſions of en- 2 

thuſiaſm, or the imſiaſture of quackery. It is only the tran- 

ſient, occaſional application of this or that gas, through 

the lungs or the abſorbent ſyſtem, which has been, as yet 

effefted, It is not impoſſible, that a criſis of this or that 

feveriſh diſtemper, or ſome briſk action upon the nervous 

part of the frame, might thus be produced. But, to ren- 

der ſuch a criſis truly ſalutary, the concurrence of a mul- 

titude of other cauſes, would, moſt probably, be requi- 

lite; And any tranſient and exceſſive excitement of the 

nervous ſyſtem by the agency of exterior cauſes, however 

for a few moments, beneficial, will uſually prove to be 

in the end, in the higheſt degree pernicious. We have 

never attained, in the medicinal uſe of the gaſes, to the 

powel —of changing our reſpirable, and abſorbible atmoſ- 
phere 
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— IX. phere in the exact proportions requiſite for the cure of 
CT. * 


— 


this or that diſeaſe, of maintaining this factitious atmoſ. 
phere in its exact proportions, for a ſufficient length of 
time, around the patient, —and of attending, at once, to 
temperature, mechanical movement, the abſorptions by 
the ſkin, the inſpirations of the lungs, and the matters 
taken into the ſtomach. Above all, we have not been 
able to do any thing in the medicinal application of airs, 
from which might be expeCted that complete change of 
the fluids and ſolids, and of the habitual functions of ani- 
malization, from which alone can the cure of thoſe which 
are called chronic diſtempers, be obtained. But, the 
trials with faCtitious airs have made empirically, and at ran. 
dom, not upon any ſound ratio of proceſs. They have been 
made by men who joined not to ardour and activity, the 
due ſcientific coolneſs of mind. They have been unhappily 


uſed as tricks of quackery, the expedients of mean, trad. 


ing phyſicians to procure for themſelves, a lucrative dif- 
tinction. Very recently, Dr. Beddoes,—a man whoſe 
enthuſiaſm, perſeverance, and philanthropic activity, are 
not undeſerving of praiſe, —has, with the affiſtance of a 


Gas Mr. Davy, diſcovered, that nitrous gas, the combination 


of azote with oxygen, when inhaled by the lungs, pro- 
duces effecis highly animating and exquiſitely delightful, 


upon tne whole nervous ſyſtem. So much was naturally 


to be expected: for nitrous gas is a combination of azzte 
and o+ygen, two of the primary elements of animal matter, 
with caloric, another ſubſtance, which, in preciſe /cim- 
tific enunciation, ought to be called, alſo, an element of 


the fame matter; the pouring of theſe ſubſtances into the 


animal ceconomy by the way of the lungs, introduces 
them through the whole human body, and to become 


parts 
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ſitions are to be effefted, before the matters thus intro- 
duced, can be converted into animal ſubſtance. And, 
we have already ſeen ; that, the ſimple elements of animal 
' ſubſtance, preſented—either ſingly, in binary, in ternary, or 
in other eaſily decompoſable combinations, are the only things 
which produce what is called nervous excitement ; and that 
they do produce this excitement ſolely by the rapidity with 
which they are completely introduced into the compoſition of 
the animalized ſubſtance. It is highly probable that any 
RESPIRABLE combination of oxygen and caloric with any 
one of the other elements of animal ſulſtance, would if 
inhaled by the lungs, occaſion an excitement more or leſs fi- 
milar to that which is attributed to nitrous gas. Beſides, 
notwithſtanding the number of caſes and experiments 
ſtated by Dr. Beddoes,—the report of all the perſons who 
have ſubmitted to the trial of nitrous-gas, is not uni- 
formly in favour of its agreeable exciting powers. Nor is 


any thing more uncertain or fallacious than animal ſen- 


fations. What accurate knowledge had we of heat be- 
fore the invention of the thermometer ? 

III. What uſeful inſtructions does all this afford, to 
direct us in the ſtudy and practice of medicine? 

It firſt evinces, that, except in the application of Ana- 
tomy to Surgery, there is no ſuch thing as genuine ſci- 
ence in the preſent practice of the Medical Art. The 
whole practice conſiſts ;—either in the adminiſtration of 
remedies, empirically, and at random; or elſe in admi- 
niſtering them according to ſome fancied relations and ener- 
gies of vitality, hic h are not at all aſcertained, —and 

| | which 


of Animal Lifes 50g 
parts of its fineſt ſubſtance, as quickly and directly as Boon 3 


poſſible ; No very complex combinations and decompo-, 
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ſtudy of 
Medicine. 
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| chanical powers and agencies of the animal frame, ith. 
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out any intermediation of chemical relations and power, 
But, however we may have erred in the explication of the 
particular agencies which operate in this or that caſe gf 
health or ſickneſs ; we certainly have not failed to demon- 
firate with irrefragable force of evidence ; that, there is, in 
truth, a certain chemical agency, intermediate, in all th; 
animal functions, between the mechanical movements and the 
vital energies. This being ſo; the medical theories of 
Cullen, of Brown, of Darwin, however modified by 
their diſciples, muſt neceſſarily fall to the ground. No 


man who does not defire to draw upon himſelf the guilt 


of murder, will preſume to act upon them. It muſt, 


| henceforth, be the grand object of medical inveſtigation, 


to aſcertain what are the true chemical relations and 
agencies of the animal organs and functions in every poſ- 
ſible caſe of health or diſeaſe. The proper ſtudies of the 
young phyſician ought to be, I. ANAToMy, in the ut- 


| moſt accuracy and minuteneſs of examination; 2. The 


NATURAL HisToRyY or PHYSIOLOGY of animal health 
and ſickneſs, preciſely aſcertaining all the obſervable ap- 
pearances in every varied ſtate of the Animal functions. 
3. The NATURAL CHEMISTRY of health and ſickneß, 
or all thoſe chemical changes which are the ultimate di- 
cernible phcenomena of matter, in the re- actions of body 


and mind. Upon theſe ultimate phœnomena of matter in 


the re- actions between body and mind, the cauſes of 
health and ſickneſs mut chiefly depend. And when they 
ſhall be fully known, Medicine will, at leaſt be exalted 
to the genuine dignity of truth and ſcience, 


. Kt! 


of Animal Life. 511 


2. It is little that an attention to that which is che- Boox IX, 
mical in the functions of animalizaiion, can contribute to rx 
che immediate improvement of medical practice. It, how- 
ever, teaches cautious moderation in the uſe- of all thofs 
which are called fimy/i,<many of them, it will even 
dire& us to baniſh entirely. It encourages us to ſeek 
the cure of peſtilen«ial fever by cold and by the preſence 
of a well-ventilated atmoſphere, containing a duly pro- 
portioned mixture of the ſalutary airs, &c. It accounts 
for the ſubtility and the as it were—ſeeming caprice— 
of infection. It directs us—never to uſe, too conſtantly, Chemical 
either exerciſe or reſt, or any one ſpecies of food, or — 
any one ſort of drink, or any one ſort of abſorbible 9 
inſpirable air. It explains why heat and cold, may 
brace and now relax the animal frame. It ſhews elec- 
tricity to us, as uſeful in its influence on the animal 
frame, by ſerving as a ſtore in which caloric may be re- 
poſited ſo as not to do injury while it is not wanted, but 
ſo as to be perhaps inſenſibly convertible into vital heat, 
whenever it is wanted in the body for that uſe. It ac- 
counts for the growth of infancy, for its diſeaſes, for the 
cries of conſtitution which take place at different periods 
in the life of the animal, for the maturation and the de- 
cline of the animal conſtitution. In all this, it preſents a 
multitude of the moſt important leſſons to the individual 
for the preſervation and improvement of his own health, 

—as well as to phyſicians in reſpect to their advices and 
preſcriptions. It explains the reaſon, why, in a falutary 
ſtate of the fluids and ſolids, no emotion of the mind, no 
mechanical influence from without, can induce diſeaſe. 
By evincing the probability of a conſtant circulation of 
gazeous fluids within the human body, it accounts for 

| all 


812  Chemfily "a 

Boox 1X. all the more extraordinary activities of ſenſibllity, and 

Ster. III. opens up a new field for the inveſtigation of anatomy, 

— Above all, it explodes the idea of the operation of myſ. 
terious, occult, unaccountable cauſes, and thus gives to 
common ſenſe, a better authority in medicine, than it 
before polleſſed. 6 
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| Book IX · 
S$zer. IV, 
—— 
SECTION FOURTH. 
VIEW OF THE PRINCIPAL CHEMICAL ARTS, 
— — — 
f I. 
The Working of Mines of all forts, and the refining of 
| Metals. 


Tursp are, no doubt, the firſt Arts in which Che- . 
miſtry is employed, in preparing foſſils for the accomo- the Works 
dation of human life. In theſe, Natural Hiſtory, Hy- — — 
draulicks, and Mechanics, are aſſociated with Che- 
miſtry, 

Natural Hiftory examines and indicates the mountains, 2. 
the ſtrata, the particular gangues, in which minerals are — 42 
to be found. The ſcience of Mechanics direfts the miner, of it. 
in opening up his metallic veins, in driving his ſhafts, in 
preſerving che requiſite communication between the mine 
and the atmoſphere above, in hewing out the metallic 
matters for the ſake of which he has pierced the boſom 
of the Earth. The laws of Hydroſtatics and Hydraulics, 
co-operate with thoſe of Mechanics, in enabling him to 
convey away the water which threatens to overflow his 
mine, and to raiſe to the ſurface, the maſſes which he 
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Boox.-IX. has cut out beneath. In falt-mines, coal-mines, tin. 

— ahi mines, copper-mines, ſilver- mines, wherever, in ſhort, 

the matter is to be procured from a hidden depth in the 

bowels of the Earth, the management is ſtill the ſame, 

The intervention of Chemiſtry does not commence, till 
after the foſſil matters have been procured. h 

3. Then, indeed, it does commence. The operations of 

of it. ' waſhing, founding, roaſting, fuſing with fluxes, cuſolling, 

| farting, at laſt, give the metal in its. requiſite purity, 

Or, if the Humid Way of purification be, in any inſtance, 

preferable ; it commences after the pounding of the ore; 

and proceeds by employing Acids, &c. according to thelaws 

ol their affinities, till the pure metal is, at length, precipitated, 

Or, the Humid and the Dry Mays may be combined, 

Theſe are, in brief, the chemical operations requiſite in the 

refining of metals. But, theſe have, already, been, unavoid- 

ably, explained as much in detail, as it is poſſible to explain 

them within the limits of the preſent work. The mixing 

of metals, which gives our braſs, pinchbeck, prince's- 

metal, &c. by the amalgamation of baſer metals with 

others which'are ſomewhat more precious, or even with 

one another,—is, alſo, chemical : But, the rules by which 

it is to be conducted, have, been, already explained in 

our chemical hiſtory of the different metals, 


WEL PRES, Fu WY: " 5 


NN 
N WF | 


I 

, 
{ 

* 


7 f * * os * * S . 1 * | * 
r 


II. Pre- 


ys 
Tf 


* 


Th * 
Po es 


IH 
* 


: +4, N 5 


{> 7 


n 


* 


3 


* —— => 
ow ap 


Sx 


ans — — &a 


—_—_ _— een 7 — nm 


9 
£1 
1 


. 
- 
* 
= 
* 
1 
1 
” 


Y 
Common Salt. | $14 10 
II. c | — — iv. þ 
— . 
W if certain ſaline Subſtances for the * of * 
— the Arts. | | 


CHEMISTRY is eminently beneficial to human life, in 
providing a multitude of mineral ſalts for its uſe. The 
artificial preparation of a few of theſe, ſhall be, here, 
more particularly explained. 

1. Common Kitchen-Salt or muriate of ſoda, is one of the 7 
moſt uſeful of all the ſaline preparations known to Che- — : 


miſtry. Where this ſubſtance is found naturally pure 
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and ſolid in mines,—as in thoſe of Poland, Hungary, &c. 2 
its preparation is, for the greater part, mechanical. a 4 
It is, otherwiſe, to be chemically prepared from the 2. . 
water of ſalt ſprings, or of the ſea. From either, it may 8 8 bs 
be prepared by ſpontaneous evaporation under the heat of — 44 
the ſun, —or by evaporation in cauldrons by the heat of*" * 
our fires. | , 1 
When it is to be prepared by ſpontaneous evaporation, 3. 17 
Prepared ot 
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the ſea water may be conducted into trenches formed |; — 
to receive it on the ſhore. Theſe trenches may be, rather why oy 
broad than deep. They are. to be divided into com- poration. 
partments. Their interior ſides ſhould be covered with 
clay. They have fluice-gates open to admit the tide,— 
but ſhut to retain the water in them, when it retires. 
The ſtratum of water is then evaporated by the heat of 
the ſun. The ſalt is condenſed, upon it in ſucceſſive pel- 
licles, till all that it can afford, is obtained in a concrete 
ſtate. This muriate of ſoda, contaminated with a variety 
of other ſalts, is to be puritied from theſe, by 4 lengthened 
proceſs which takes away ſulphutic, magneſian, and 
KK 2 cal- 
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Book rX. calcareous falts, yet does not, in the end, afford the n muriate 


of ſoda in a fate of conſiderable purity or fineneſs, 


Prepares As Sea-water is eafily diſtillable ; evaporation by fire, 


and purifi- where fuel is ſufficiently cheap and plentiful, is preferable 
y artifi- 

cial evapor-to the more tedious proceſs of ſpontaneous evaporation. 

. A ſuitable artificial heat evaporates the water, leaving the 

falt dry, The cauldrons ſhould be broad and {hallow, 

As the evaporation takes place, the ſulphate of ſoda or 

Glauber's ſalt, and the calcareous ſulphate, being leſs ſoluble 

in water than the muriate of ſada, will be cryſtallized 

before it: And theſe, therefore, may be eaſily ſeparated 

by drawing off the ſolution into other cauldrons, when 

the former ſalts appear in a ſolid ſtate, The magneſian 

ſulphate, which alſo exiſts in the ſea- water, is much more 

ſoluble than muriate of ſoda, in hot water: And there- 

fore, this magneſian ſulphate will remain fluid after the 

cryſtallization of the muriate of ſoda; and may be drawn 

or poured off, ſo as to leave the muriate of ſoda, pure and 

dry. Both muriate of lime and muriate of magneſia are 

more ſoluble than muriate of ſoda: And thoſe ſalts will, 

| therefore, go off in the ſolution with the : ſulphate of mag- 

. nefia, This is an extremely ſimple proceſs ; and will af- 
fond beautiful falt, in a ſtate of the higheſt purity. 

nite, of Salt is made near Liverpool, from the water of 

Log ſalt-ſprings impregnated with rock-ſalt. The art of 

manufacturing it, was originally introduced from Italy, 

Spain, and France, to thoſe which were called the 

Low CounTRIEs of Germany. From theſe, it was 

brought into Scotland in the beginning of the ſixteenth 

century, at a great expence, and not without the grant- 

iag of extraordinary advantages to thaſe foreigners who 

introduced it. It was already practiſed in England; but, 


Soda. 
not, as it ſhould ſeem, with happy ſkill- The Engliſh 


Scotland: And the Scottiſh Government, with the jea« 
louſy of foes and rivals, forbade the exportation of their 
ſalt to England. To the Northern Countries on the Con- 
tinent of Europe, — Denmark and Norway,. they found 
it eligible to permit the exportation of the beſt Scottiſh 
ſalt, on account of the advantages which were to be ob- 
tained, in return. Ever ſince that period, ſalt has con- 
tinued to be largely manufactured in Britain. The ne- 
cefiities of the fiſheries of herrings, ſalmon, and white- 
fiſh, have long given the higheſt encouragement to the 
manufacture. All the countries on the Baltic, are, at 
preſent, ſupplied with their beſt ſalt from England, es- 
pecially from the ports of Liverpool and Hull. 

2. The Preſaration of Soda is to be alſo numbered 


317 


— Iv. | 
1 ECT, IV, | 
were willing to import ſalt of the new manufacture, ſromi 


Preparation 


among the common chemical arts. This ſubſtance is ta of Soda. 


be obtained, in theſe countries, only in the two ways of 
the incineration of marine plants, —and the decompo/ition 
of muriate of fada' or common ſalt. 


The Kali, Barilla, and a, diverſity. of plants growing 7. 
on the Scottiſh coaſts—of which the aſhes have been diſ- parilla. 


tinguiſhed by the name of Kelg, —are the plants from the 
incineration of which we obtain our ſoda. Such is the 
diſparity in value between the aſhes of Barilla and thoſe 
of Kelp; that, when the former are ſold at the price of 
£45. Sterling in the London- markets, the latter can be 


ſold for no more than 10. —a ton.— All the plants which 


afford ſoda, appear to derive it from the ſea - water with 
which they are nouriſhed, in their growth. Probably, 


the ſoda—if not rather the muriatic acid of ſea- water or 


its oxygen —enters into the plants, in a ſtate of extreme at- 
KK 3 tenuation, 
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Hoo — tenuation, and, after being elaborated by their organic 
Ven functions, is, at laſt, fixed in them, as ſoda. The ſim- 
ple incineration of the Barilla, affords a large proportion 
of tolerably pure ſoda, in ns aſhes. 

8. Kelp has been prepared, for a long period, on the coaſt 
8 of England and Ireland, by the incineration of four well. 
known marine plants, — the Fucus Nodoſus, —the Fucys 
veſiculoſus,—the Fucus ſerratus,—and the Ficus digitatus, 
All plants capable of growing under the afflux of ſea- 
water, are, no doubt, capable of yielding it in a ſmaller 
or a greater proportion. Since the year 1723, it has been 
prepared, from the ſea-weeds on the South-Eaſt coaſts of 
Scotland, and in the Orkney Ifles. The glaſs and ſoap 
works of Newcaſtle, firſt, preſented a market which en- 
gaged the Scots to attempt this manufacture. About the 
year 1746, the manufacture was, for the firſt time, tried, 
on the weſtern coaſts of Scotland. Its produce was then 
deſtined for the uſe chiefly-of the Iriſh bleachers. Since 
that time, the burning of the above-mentioned ſea-plants, 
for Kelp, has become a very general object of attention 
around all the Scottiſh ſhores. It yields, at preſent, hard- 
ly leſs than ( 50,000 Sterling a year to the people of the 

northern coaſts of Scotland, and its adjacent iſles. 
s Its preſent manufacture in thoſe parts, is eaſy and ſimple, 
of Kelp, but careleſs and imperfect. The plants are, in Spring and 
Summer, to be cut with a fickle, or rather a pair of ſtrong 
hedge-ſciffars. They are left to dry on the ſhore. An 
oblong area is then ſurrounded with a wall of looſe ſtones, 
to the height of 2 or 3 feet. Fewel, ſuch as heath or 
peats, is put in, to fill the incloſed ſpace. Over the fewel, 
are heaped the ſea-weeds. The whole is kindled. It is 
incinerated by continued fire, which is not ſuffered to blaze 
out 
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aut into a flame. The red heat is maintained till the ſoda Boor IX. 


aſſume the form of a melted, maſs in congelation. 1h. 
ſoda thus obtained, is exceedingly impure ; being conta- 
minated with earth, potaſh, magneſian alſo and calca- 
reous ſalts, with a mixture of carbon, and of carbonic 
acid. It is, beſides, but carbonate of ſoda, not the cauſ- 
tic alkali. | | 

The inferiority of Kelp to the. barilla of Spain and * — 3 
Sicily, is owing much more to the imperfection and care- ment pro- 
leſſneſs of the Scottiſh mode of preparing it, than to any ny on 
difference of quality in the plants from which it is made, of Kelp. 
To improve it, the plants ſhould be freed from every extra- 
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neous mixture by waſhing in the ſea-water ;— they ſhould 40 

be dried without any ne contamination in the drying, and 45 
indeed without any ſolicitude to make them exceedingly | 1 
dry. They ſhould be burnt in a furnace, preſerving the 1 
fewel ſeparate from the ſea- plants, and ſo conſtructed, 4 5 


that the ſoda might flow into a proper receptacle as it 

came into fuſion. This altered proceſs requires only the 

formation of buildings for the burning and ſubſequent pre- 

ſervation of the Ren. For theſe, the increaſed value of 

the manufacture, would afford ample compenſation. 

Since it is of ſo much value; and ſince the ſea-weeds on 

the ſhores, are annually renewed; it is, ſurely, not too 

much to expect, that the improvement here hinted at, p 
may, within due time be generally adopted, 

It is known, in what proportions ſoda, water, and this rg "7 hs 
or that acid, exiſt together reſpectively in the differentpurity of 
neutral ſalts, into which this alkali enters. We may, * 

therefore, aſcertain the proportion of ſoda in an ounce, a 
pound, or any other quantity of Kelp, by immerſing it in 
powder into a given quantity of any acid of which the 

K k 4 exact 
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1 = exact ſtrength is known; and then, eſtimating, accu accu- 

— the quantity of the cryſtalline neutral falt which 
we obtain,-Our bleachfields, ſoap works, and glaſs. 
works, are ſuch as to leave us no reaſon to dread diſcou- 
ragement to our Northern manufactures of Kl. 

It is becauſe Soda is uſually conſidered rather as a mi- 
neral ſubſtance, that we ſpeak of its manufacture, rather 
here, than in a ſubſequent Section. 

3. Of che manufacture of Pot-afh, ſomething may be alſo 
ſaid here, though it be obtained from vegetables only,— 
ſince it is ſo nearly related in its qualities to mineral ſub. 
ſtances. Much, however, we ſhall not need to add to 
what was ſaid of it, in the former part of this work. 

12. The Pot-afh in the Engliſh market, is imported from 
dure af Fot. Ruſſia, Poland, and North America: It has, alſo, been 
ah. uſual to prepare pot- a by the incineration of ferns and 
various other plants otherwiſe uſeleſs, in Seotland, and 

other parts of theſe Iſles. In the countries from which 

we import it, Pot- aſi is prepared —chiefly by burning 

green timber The timber is burnt in a ſmouldering fire, 

The aſhes from this fire are lixiviated in boiling water, 

By the lixiviation the pot-afh is diſſolved; while the con- 
taminating matters, either ſwimming on the ſurface, or 
ſubſiding to the bottom, are thus ſeparated from it. The 
lixivium, ſkimmed and poured off, is, again, expoſcd in 
cauldrons, to an evaporating heat. Evaporated to dry- 

neſs, in the open air, it affordsthe deſired ſalt in chryſtals of 
carbonate of pot-aſh, It is, in this ſtate, that pot-aſh is 
produced in the market ——It is, generally, very impure, 

It is employed by the bleachers, the ſoap-makers, and even 
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4. Of all our chemical manufactures, that of Nitre or 399% I. 
Call- Petre, is one of the moſt important. Nitre or Sat- 


petre has been made in England from a very remote period 


3. 
Preparation 


of time. But, even ſo late as in the beginning of the of Niue. 


reign of Charles the Firſt, it appears, that, not above a 
third part of that required for ordinary conſumption, was 
made within the realm. The urine of cattle and of fami- 
lies, the floors of dove-houſes and of ſtables, were appro- 
priated, at that time, to the Crown, as materials for the 
manufacture of Salt-petre. In other countries, and at 
later periods, the rubbiſh of old houſes, and the mellow 
earth of ſtables, cellars, &c. have been, for fimilar pur- 
poſes, claimed by the Sovereign. In Germany, the peo- 
ple have been obliged, by the different military Govern- 
ments, to form walls of unctuous earth mixed with ſtraw, 
for the natural production of Salt-petre. All matters af- 
fording azote, if expoſed in natural decompoſition, to the 
acceſs of oxygen from the atmoſphere, naturally afford 
nitrous gas and nitrous acid: And the preſence of ſolid ſa- 
line matters, ſuch as lime, pot-aſh, ſoda, —attracts that 
nitrous gas or acid into new combinations,—and- thus, 
yields nitre. The atmoſphere, being a grand reſervoir of 
azote as well as of oxygen, — and being often in ſtates in 
which theſe matters tend to unite in the formation of ni- 
trous gas; hence, it unavoidably happens, that, wherever 
ſubſtances, ſuch as old walls, &c. containing lime or pot- 
aſh,—are long expoſed to the free acceſs of the air of the at · 
moſphere,--produCts of nitrous ſalts are obtained. In England, 
at this very time, as well as in all other countries, the proceſſes 
of forming ſalt-petre, in the way of a great manufacture, ate 
wholly directed to bring matters containing pot-aſh, into 
contact, in a digeſtive ſtate, with atmoſpheric air with ex- 

ceſs 
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. xg c of azote; The calcareous ſoll-of Spain, being ex- 
—— poſed to the acceſs of the atmoſphere, affords, in ſome 
places, an ample annual produce of falt-petre. In India, 
both nitrate of pot-aſh and calcareous nitrate are many- 
: factured in vaſt quantities; the former by the expoſure of 
| vegetable aſhes to the acceſs of air,—the latter by the ſimi. 
lar expoſure of a calcareous ſoil. Ihe temperatures of the 
| climates of India and Spain, are more favourable than that 
of theſe Northern climates, to the production of ſalt. 
petre; becauſe, they oftener contain that heat which is re- 
quiſite to favour the decompoſitions of the gas-oxygen and 
the gas-azote of which the baſes are to be united in the 
new ſalt Our great ſupply of nitre in Britain, has long 
deen by importation from Hindooſtan. Between the years 
1763 and 1769.:nc/u/tve, not leſs than 247,689 cwt. 3 qrs. 
and 3 lb. of falt-petre was imported from India into Bri- 
tain. Of this, were re-exported 47,010 cwt. 2 qrs. and 
31b. The Dutch have, alſo, been accuſtomed to ſupply 
themſelves with ſalt-petre from India. About two-thirds 
of all the —_ exported _ Hindooſtan, goes to 
China. 
In the eftabliſhment of artificial nitre-works in Britain, 
it might be proper to procure a greater heat, than that 
of che natural temperature of the climate. 1 
| The French have employed a variety of extraordinary 
means, ſuch as the uſe of the pot-aſh, of cheſnuts, &c. 
in the manufacture of Nitre for their uſe in the courſe of 
the preſent war. 
The Salt petre now manufactured in Britain is of bettet 
quality than that from Irfflia; and is ſold at a rate of price 


1-11th higher than the price of the Indian Salt-petre, 
| 6 III. 


523 


Boox IX. 
Scr. IV. 


III. 


5 of Gunpowder. 


GunPOwWDER, an article of very extenſive manufac- »:; 
ture, and very ample conſumption, is a mixture of nitrate — Sag 
of pot · alh or ſalt-petre with ſulphur and charcoal. It owes der. 
its detonating combuſtibility to the looſeneſs of the com- 
bination of the oxygen with the pot-aſh in its nitre, to the 
extrardinary appetency of the ſulphur and charcoal for 
oxygen, to the neceſſary gazification of all the parts of 
the mixture, except the pot-aſh, and to the neceſſary tran- 
ſuions of light and caloric, —frf, in the gazification of 
the oxygen of the nitre,—and ſecondly, in the joint gazi- 
fication and oxygenation of the ſulphur and the carbon. 

The new compounds produced by the detonation of Gun- 
powder, are ſulphureous-acid-gas, carbonic acid, and car- — 
bonate of pot-aſh. | 

This compoſition was, firſt, invented—by whom, is un- 2. 

; . , Invention 
certain, —in the progreſs of the thirteenth or fourteenth and uſes of 
century. In the fourteenth century, it began to become g 
an object of manufacture in the great way, and to be ge- 
nerally uſed in thoſe which are called Fire- arms, in the 
Art of War. Ever ſince that period, the uſe of fire- arms 
and of gunpowder has become more frequent and general 
in war. The manufacture of gunpowder for this uſe, is 
now immenſe, throughout almoſt all parts of the world. 
Gunpowder is, alſo, uſed in quarrying and mining, for 
ſplitting or 3/a/ting rocks, and for a diverſity of other pur- 

Poſes in the Arts, 
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Iron. — In the manufacture of gun - powder, charcoal, ſulphur, 
5 and nitre, of the beſt quality of which they can be pro- 


3. cured with convenience, and at a cheap price,—are, lepa- 
— ma. rately, reduced to a coarſe powder, then mingled together, 
— ground down, and pounded. to extreme fineneſs.—The 
der. following table exhibits the proportions in which it has 

been uſual to mingle the materials, in the manufacture of 


the gun-powder of the different countries ſpecifeed. 


= | — — 
France. | Sweden. Poland, | Italy, 
75 75 80 | 162, 
5 91 16 [ 12 þ 19 
11 9 12 
100 100 100 | 1014 


Later experiments made by the French Chemiſts, re- 
preſent by their reſults, —the beſt proportions to be— 
80lb.. of Saltpetre, 151b. of Charcoal, 5Ib. of ſulphur, 

N After theſe mixed materials have been reduced to a fine, 
almoſt impalpable powder; the powder is then moiſtened 
with water, and granulated—by- making it paſs, while 
moiſt, through a fine ſieve After the granulation, it is to 
be dried by the heat of the ſun, or in ſtoves heated by 
great iron pots. If this powder remains in any degree 
moiſt, it will not exhibit the due briſkneſs of exploſion 
and detonation, It is a common fraud with the manu- 
facturers of gun-powder, to mix their ſaltpetre with com- 
mon ſalt, and to uſe ſea- water in moiſtening it, by which 
the expence of the manufacturer, may be ſomewhat di- 
miniſhed, but the quality of the article ſuffers a conſi- 
derable deterioration. 
| Lſtab· 


af f | 
Foap, 525 
Eſtabliſhments of this manufacture, are ſufficiently TBoox IX, 
plentiful throughout Britain. | or. IV. 


IV. 
Manufacture of Soafr. 


So Ap, one of the moſt common and ufeful productions 1. 
"HE Nature of 

of the Chemical Arts, is a combination of o1L from ani- Soap. 
mals or vegetables, concrete or fluid, with $80DA or Por- 
ASH, and a certain proportion of Lime. The mixture of 
oils with potaſh, affords thoſe which are called /oft ſoafes : 
The mixture of Soda with moſt Oils, affords Hard Soaſu. 

The Soda employed may be either that from Barilla or 
that from the Scottiſh and Iriſh XH. It ——_ be in a 
ſtate of the higheſt poſſible purity. 

The potaſi will be that from vegetable aſhes, lightly, — 
calcined to drive off whatever contaminating, combuſtible which it is 

made, 

matter may ſtill remain in it. 

Oil of Olives,—animal fat or tallow,—hog's lard,—oil 
from animal excrements,—oil from whales and herrings, 
&c. with ſome leſs fixed vegetable oils, are, all, ſuſceptible 
of being employed in the manufacture of Soap. The leſs 
fixed vegetable oils tend, even with Soda, to form, rather 
ſift than hard Soap. 

Line is employed, on account of its extraordinary 
ſtrength of affinity to the carbonic acid. The ſoda of 
commerce is always carbonated, Lime, abſtracting the 

carbonic 


m—, &. ER. £1 74427 « 
3 wy, f 3 1 223 a = x 
\ _—_ LS I * 2 8 _ 


* 
3 1 


| 


: 

x 

q1 

4 

1 
1 
5 


- 383 
q 
19% 
ſi 
18 
4 
a 
ii 
1 


3232 


® 


2 


1 


. 


Py 
pet _— — 
»# 


e 


— 


— 


p 2 rr 
5 


I — 11 2 4 2 
nr ak __ y_— * neo” 
2 3 8 


=» WW... 
_— * 
* | . 
2 * - = 


8 


— 


18 9 
1 Lo Py % — 0 


= 5 2 4 — 4 
3 W * A 
* 2 
ny 
i Ihe S 


- 


* er 0 * 
= 'S 23 bad | 
l ö . 
> 8 al 


526 _ Chemical Arts 
Book IX. carbonic acid, reduces the ſoda to that cauſticity in which 


Szxcrt. I 

8 alone, it can enter into the proper ſaponaceous combina. 
tion with oils. | 

Sea ſalt is often added in a certain proportion, to the 

lixivium, in the preparation of Hard Soap. This addition, 

| however, is not eſſentially neceſſary : It has been made by 

perſons who carried on the practice, without underſtanding 
the ratio of their art. 

J- With theſe materials, let the intention of the manufac. 
zaencement turer, be, to prepare 1, OOolb. of ſoap : He muſt proceed, 
of the ma- 
nufacturing AS follows: 

* Firſt. let him prepare a veſſel of white wood. —or it may 
be a reſervoir of bricks cemented and plaiſtered with lime, 
for the firſt mixture of his materials. At the bottom, 
this reſervoir muſt have a ſieve- like opening, by which 
the lixivium may paſs, without its impurities, into a c/har- 
nel, prepared to conduct it into the Boiler. The boiler is, 
at the bottom, of metal, — but above, rather of bricks ce- 
mented and covered with plaiſter of lime. If cauldrons of 
caſt iron can be conveniently procured, of ſufficient capa- 
city ; perhaps theſe might, more uſefully than the former 
ſort of veſſel, be employed in this manufacture. Mulde 
of wood or ſtone, are likewiſe to be provided, for the re- 
ception of the ſoap from the cauldrons. Theſe may be of 
any ſize, — according as you deſire to prepare your pieces 
of ſoap for the convenience of the market. It will be ne- 
ceſſary to have, alſo, an areometer, by which you may aſ- 
certain the ſtrength of the lixivium,—with inſtruments for 
pounding the ſoda, ſtirring the uncongealed Soap, cutting 
the Soap into ſmall pieces, &c. 

Thus provided with implements, let the 'manufaQturer 


then pound his /oda to the fineneſs of unmixed ſand. 
5 wand 


Soaps It 


Take, then, for your 1, 000lb. of required ſoap, 600lb. Book IX, 
oil of olives, 500lb. Soda, 100lb. quick-lime. Slake the 


lime with a little water : Sift it: Mix the lime and the 
Soda, At the bottom of your reſervoir, ſpread a cloth, to 
act as a ſtrainer of the lixivium. Pour water in ſuch 
quantity, that it may thoroughly moiſten the mixture, and 
may even cover it over, to the depth of two or three 
finger's breadths. | | 

After theſe matters have been left to macerate for the 


ſpace of a few hours, diſcharge the lixivium by the cock — 


at the bottom of the reſervoir, of which cock the interior 
orifice muſt be covered with a cloth, to act as a ſtrainer of 
the lye. The liquor which now flows off, is the fu 
he or lixivium. It is to be ſet apart. in a ſeparate veſſel. 
After the firſt lixivium is entirely drained off, —ſhut the 
cock; pour in a new quantity of water into the reſervoir ; 
leave the mixture to ſtand thus for a few hours; then 
open the cock, and ſuffer this ſecond /ixivium to flow off 
as before. You may, then, in the ſame manner, take off 
a third lye. | 

When theſe Lixivia are thus prepared; the next fart in 


—all, in ſucceſſive portions, each portion, but of ſmall 
quantity, During all this time, a boiling heat is to be 
kept up in the cauldron. Even after all the portions of 
the different lixivia ſhall have been poured in ; the fire 
may be ſtill, for ſome time, kept up.— Then add a few 
pounds of common ſalt. The liquor will, upon this, aſ- 
ſume, ſtill more and more of a thick, paſty, granulous 
coulillency, Maintain the firs under it, for a couple 


of 


* 
the proceſs, is, to put your oil into the boiler or cauldron. —— 8 


Then, add to it, —firſt, your third lixivium, gradually, — e oil. 
then, the ſecond,—and, at laſt, a part of the fir/t lixiuium, 


- F 
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Boox IX, of hours longer. Let the fire and kindling fewel, ther, 
bn? entirely removed. Ceaſe from that ſtirring of the mix. 
ture which muſt have been hitherto, carefully continued, 
After a few hours cooling, a ſoahy matter will 
exhibit itſelf at the ſurface of the matter in the holler, 
Under it will remain a coloured /iquor which is to be 
drawn off by a cock in the boiler, and to be reſerved for 
uſe as a lixivium in the preparation of the next ſoap you 

make. * 
8 — After this liquor is drawn off the fire is to be renewed 
of the Soap, under the boiler ;—a ſmall portion of water or weak lye 
is to be poured in ;—the maſs of ſoap, having received 
this addition, is to be again liquefied, and brought into 
ebullition. This ſecond boiling is to be continued—and 
the ſtate of the , is to be, from time to time, tried, by 
the cooling of a portion taken out, upon a ſmooth ſtone, 
—till the whole ſhall at laſt appear to have aſſumed the 
conſiſtency and aſpect of good S. The fire is then 
to be removed,—the ſoap to be cooled,—and the liquor 
beneath, to be drawn off by a cock, as before. A 


oo — 88 w_ 6 — 1 


new portion of the beſt lixivium, is, now, again, to be J 
added; — the fire is to be renewed ;—and the evaporation f 
is to be, now, continued—till the ſoah ſhall appear to have 0 
acquired the perfect conſiſtency which peculiarly belong 
to it. It is, then, to be ſuffered to cool a litile; ad 
. from the boiler, to be poured into the moulds which are s 
| to form it for the purpoſes of commerce. At the bottom bl 
of each mould, it is uſual to put a ſmall quantity in a fat: WP" 
of pulverization. The ſoap may either be drawn off into I 
the mould by the cock in the boiler, or taken out with bt 
ladles. After ſtanding in the moulds for two or three 1 


days, in winter, —or, in ſummer, for ſome days longer, 
| 2 : it 
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it is ready to be cut into ſquares for ſale.— The marble __ _ 
coloured S2aft owes iis diverſity of colours to black and red —_ 
oxydes of iron, which are intermingled, in the preparation 
of it, —lt is common for the manufacturers to make up 
their Soap with too much water, and too little oil, This 
Soap does not frothe ſo well, nor go ſo far in waſhing, as 
that which is more honeſtly prepared. The marbled Soaps 
is always drier, and contains leſs water, than the white 
$:ap.—Oil of ſweet almonds, affords, by a ſomewhat 
more tedious preparation, almoſt as good hard Soar, as 
oil of olives. 

Tallow is the ſubſtance uſually employed, inſtead of oil, 5. 
in the manufacture of /oaft, in Britain. In the manufac. 9 of 
ture with tallow, the lixivia may be added to it, in the 
boiler, with leſs of ſlowneſs and delicate preparation than 
when oil of olives is employed. The ſuperior fixity of 
tallow renders its combination with Soda, ſomewhat more 
convenient than is that of i of olives. 

Fiſh Oil is in uſe, m Britain, as an ingredient in the g 
manufacture of Scaß. The Soaps which it affords are not fear + 
free from a diſagreeable ſmell, and are not of a ſufficiently * 
firm c nſiſtency. But, this oil might be purified, fo as 
to afford with Soda, Soaps of much better quality. 

Potaſh employed inſtead of ſoda, in all this train of 
J proceſſes, affords, ſtill, only /oft Soap to which no cool- go. 
ing can give a hard conſiſtency. The addition, however, 
of a lixivium of Soda, or even of muriate of Seda, in 
ſufficient quantity, will produce the effect of conſolidating 
the /oft Soap that is made with potaſh. The knowledge 
of this fact, is of ſome importance, as potaſh is often 
to be procured at a 4 rate, than Soda of equal 
purity, 


na. / ag 
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Chemical Arts. 
It is alſo poſſible, to prepare Soap; without any conſide. 


natural evaporation, in a climate of warm temperature, 
* But, with allow, this is not eaſily poſſible. Even with 
oil, the cold proceſs i is not the moſt profitable one. 

Additions of alum, ſea- ſalt, ſtarch, lime, pulverized 
ſoda, oil, tallow, and water, are employed i in a villainous 
manufacture by which it is ſaid, that 100lb. may be aug 
mented at ſmall coſt to 400lb. for, the market, The prac- 
tice is baſe; and the Soap thus produced, is unfit for any 
good purpoſe. Good new hard Soap contains ſomewhat 
more than 4 of oil, nearly 7 of Water, and. ſoda for the 
reſt of its compoſition. 

It is poſſible to prepare, at no > onbderable expence, 2 
; Saþonaceous lye, which, in waſhing, ſhall anſwer almoſt al 
the purpoſes of good hard Soaps, 

Take any quantity of well burnt aſhes, of hard, 
heavy wood. Mix with theſe, a, few handfuls of lime 
newly flaked. Add water; and boil the whole into 
a lixivium. Then leave the lixiyium at, reſt, till thoſe ex- 
traneous matters which cannot enter into it, ſhall hare 
been depoſited at the bottom, or thrown to the ſurface to 
be ſkimmed off. Then draw. off the pure lixivium. Add 
to it, oil to about a thirtieth or fortieth part of its own 
quantity. The mixture will. be—a liquor white as milk, 
capable of frothing—like Soap Mater, and in dilution 
with water, ferfeftly fit to communicate ſufficient white- 
neſs to Linens. This /iquor may be prepared from Wool. 
aſhes of all ſorts, and from rancid greaſe, oil, or butter. 
It is, therefore, highly worthy of the attention of an œco- 
nomical houſewife, When the aſhes are ſuſpected to be 

I | unuſually 
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* Soap - boiling . 
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unuſually deficient in alkali, a ſmall addition of pulverized . IV. 
potaſh or ſoda, may be made to the lixivium. | —— 


| The ratio of theſe whole proceſſes, is eminently beau- 


13 


tiful. Soda, potaſh; and pure quicklime are incombuſ- — rn 


tible ſubſtances : Oils and tallows of all forts, are highly ol Soap. 


combuſtible. The three former ſubſtances have a very 
eager appetency for combination with all combuſtible ſub- 
ſtances ;- The latter have conſiderable tendency. to enter 
into union with ſuch as are oxygenous and incombuſtible. 
The combination of the qualities of the two is requiſite to 
produce that detergeney of contaminating ſubſtances, both 
combuſtible and incombuſtible which we require in waſh- 
ing : for almoſt all contaminations to be waſhed away, 
are of theſe two claſſes. The combination of an oil with 
an alkali, is known to afford the withed for detergent 
union of their qualities. Hence the defire to combine 
them in Soap. The whole proceſſes of Saap- mating, are 
directed to effe the deſired combination in the moſt fer- 


fett manner. Lime is mixed with the Soda or potaſh, in 


order to detach the carbonic acid which always neutra- 
lizes the alkali of commerce. The Soda or potaſh, and 
the lime, are lixiviated, in order to bring them into that 
mechanical comminution of parts, which is requiſite to 
favour the re- actions between the elementary particles of 
the alkali, and thoſe of the oil or tallow. A weak lixi- 
vium is firſt added to the oil; becauſe in the weak lixi- 
vium, there is a finer attenuation of the parts of the al- 
= The lixivium is added gradually, and in ſmall por- 
; becauſe, if added more nnn 

wank produce a mixture, without adequate combination. 
and beſides, might occaſion a volatilization or combuſtion 
of the oil. It ig repeatedly brought to congelation and 
Ll12 a then 
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— = then again melted, in order to produce the moſt perfe4 

WY union of all the particles of oil and alkali, and to free it 

as much as poſſible from all ſuperfluous moiſture. It i; 

not true, as is ſuppoſed, that the lime is ever entirely cif. 

- miſſed from the compoſition. Lime ſtill. remains, re. 

tains in it a proportion of water, and when the foay 

comes to be uſed in waſhing, favours its frothing, by the 

ſtrong attraction of carbonic acid from the atmoſphere, 

Boiling heat is neceſſary in effecting this combination, 

becauſe it attenuates the parts of the matters to be com- 

bined, and brings them into mutual contact. Stirring is 
neceſſary for a ſimilar reaſon, 


V. 
| ManufaFure of Glaſs. 
e Gr Ass is one of the moſt uſeful of all the combina- 
| ence of of tions formed by the union of mineral ſubſtances. lu 
is manu. , 


tadture. ingredients are Soda or Potaſh and Silice. Its invention 
was by the Ancients, on the Kaſtern coaſts of the 
Mediterranean , Sea. 'They uſed it for ornamental pur- 

poſes, but neither for windows, nor for looking-glaſſes, 

It was manufactured chiefly in Italy and Spain, in the 

earlier ages of the hiſtory of Modern Europe. Venetian 

Glaſs and Venetian Windows, —in conſequence of the 

great manufactures of Glaſs of all ſorts, which ancient!y 


ſubſiſted at Venice, and furnithed ſupplics of this com- 
modity, 


Manufacture of Glaſs. | ot. 


modity to al Europe. are ſtill famous in every European mo. 
country. From the Southern countries of Europe, the 
the manufatture of Glaſs was, transferred to the middle 
and to the Northern regions. It was carly in the laſt 


century, -ambitiouſly carried on, in France, for the pur- 


poſes of regal luxury and ſplendour. It now flouriſh 
extenſively in Britain, —at Newcaſtle, at Liverpool, at 


Leith, Dunbarton, and in many other places. Even in 
Norway, Glaſs-works have been, within theſe laſt twenty 
years, very advantageouſly eſtabliſhed. - The following 
are the objects which require the principal mean in 
the manufacture of Glaſs, 

1. For the conſtruction of the furnaces and crucibles, 3 
uſe argillaceous earths, in the ſtate of fine white clay, free and por 
from all mixture of metallic oxydes, calcareous ſalts, bi- 
tuminous contaminations, and even without any very 
large proportion of ſiliceous matter in them. Let this 
material be ſo refractory againſt fire, as to be in no dan - 
ger of fuſion from the vitrifying heat to which it is to 
be expoſed : And let it poſſeſs that tenacity and ductility 
which are neceſſary to make it aſſume, without ſhrink- 
ing and cracking, the required forms. The fuſing furs 
nace may, properly enough, be rendered, in ſome parts, 
of a poroſity adapted for the tranſmiffion of moiſture. 
But, the crucibles ſhould be formed of clay bighly ductile 
and tenacious. The clay for the furnaces, is baked care- 
fully i into ſuitable bricks : And the drying of theſe bricks 
in ſuch a manner as to preſerve to them the requiſite 
qualities, is a matter, at once, of the utmoſt nicety, and 
the greateſt importance. The formation of the pots or 
crucibles, is, alſo, a matter of extreme delicacy in execu- 
tion, But, it is impoſſible to enter here into a detail of 

Ll 3 the 


— ba the proceſs. The ſpherical form appears from the ex. 
; wY> periments of Loyſel and others, to be the moſt advantage. 
| ous for the furnaces. — ö 
<=": FR 2. After the preparation of the aaa, it may next 
for-vitrif. be proper to ſelect the materials for vitrification. The 
cation. pureſt quartzoſe ſand is the ſtony matter to be preferred 
for this end. Waſhing clears it of earth. And roaſting in 
a red heat will carry away any combuſtible matter with 
which it may be intermingled. . 

The two metallic ſubſtances which are PA moſt com- 
monly employed as fluxes to bring this pure ſiliceous {and 
into vitreous fuſion, are minium or red lead, and arſenic: 

The former is, for many reaſons, preferable; it were 
better, that the latter ſhould fall entirely into diſuſe. 

Potaſh and Soda are the alkaline ſubſtances employed 
in the fabrication of G. Soda is preferable, as being 
brought the moſt readily into fuſion, together with the 
filiceous ſand ; but, fta being ſometimes cheaper, is 
alſo much employed. To purify the foda of bari!la or 
tel from the impurities with which it is, in theſe com- 
poſitions mixed, —as well as to extract the Soda, for 
this or other uſes, from muriate of ſoda or common ſalt, 
—a mixture of charcoal, of lime, or of oxyde of iron, 
or oxyde of lead, may be mixed in a due heat, with the 
barilla, kelp, or ſea-ſalt which is to be employed. Muri- 
ate of lime, muriate of iron, muriate of lead, carbonic acid 
are, on the one hand, reſpectively, the reſults of the mix- 

ture; And, on the other, you obtain the ſoda pure,— 

- which may be cryſtallized by lixiviation, and ſubſequent 
eyaporition, Aſhes from vegetables, and from {ſoap- 
works, however cheap and vile, if mingled with lime, 
and lixiviated, are capable of affording either potaſh 0 

| { 
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ſoda, for the manufacture of Glatt. Lime is even ſuſ- bot 1%, 
ceptible of being advantageouſly mingled in the vitrifiable * 4 
mixture, of which the Gl is about to be formed. A 
good mixture of this ſort, may be produced by the addi- 
tion of 10 or 15Ib, of Lime to 100lb. of Soda or potaſh, 
and from 200 to 220lIb. of the ſiliceous earth. Lime 
has a tendency to make the Gla/s leſs liable than it would 
otherwiſe be, to attract moiſture from the atmoſphere : 
But, it ſhould be well-burnt quicklime ;—otherwiſe, it 
will be apt to ſpoil the Glaſs into which it enters, by its 
continual tendency to give out carhonic acid. To pre- 
vent its acting with a vitrifying power upon the pots or 
crucibles,—it is uſual to add together with lime, in the 
manufacture of Glaſs for bottles, a moderate quantity of 
argillaceous earth. But, as this earth tends always to give 
a green colour to the glaſs into the compoſition of which 
it enters ; it is to be uſed only in the making of glaſs for 
bottles. Kel or barilla may even be uſed without much 
previous purification in the fabrication of glaſs, if a ſufficient 
quantity of lime be added to diſengage its acid and other 
impurities, in the beginning of the proceſs.—It ſhould 
ſeem that, however, one of the cheapeſt proceſſes for 
procuring Soda from ſea-falt, is that of Mr. Birnie of 
Leith; who oxydates lead by an intenſity of heat that de- 
taches this oxyde from the metallic filver with which it 
was in the firſt maſs, intermingled ;—mingling the oxy- 
dated lead with ſea- ſalt, thus produces a muriate of lead 
with lixiviable ſoda in 'a ſeparate ſtate ;—adding to the 
muriate of lead, a ſufficient proportion of quicklime, pro- 
duces muriate of lime and metallic lead; and then ſends 
the muriate of lime to be employed in bleaching. while 
the lead is now fit for all the uſes of the pure metal. 
| L1 4 Having 
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Boo IX. 3. Having prepared your furnaces and 3 
A having made a ſufficient proviſion of the pure ſiliceous 
Appiicati- ſand, the alkali, the lime, or the metallic fluxes and the 
on of fuel: argilla, which are to be employed in the manufacture.— 

the next object is, to employ an adequate heat. This i; 
to be accompliſhed by due intenſity of fire, by the form 
of the furnaces, tending to concenter the heat into a focus, 
and by the greater or ſmaller quantity of freſh air admit. 
ted into contact with the fire, Except for dark- coloured 
glaſſes, wood, coaks, or charcoal, not bituminous pit- 
coal, ought to be employed as fewel. 

Belide the proper materials and the fewel, - nitre * 
oxyde of manganeſe, the latter with caution.— are to be 
employed in order to purify the glaſs which you prepare, 
and to free it from any colouring which it might other- 
wiſe derive from the combuſtible matters uſed in its pre- 


paration. 
6. 4. The firſt concern, now, is, to calcine or heat in- 
2 tenſely,—to drive off impurities, both the alkali and the 
ſileceous ſand, —each by itſelf. In this calcination of the 
alkali, earthen veſſels are reckoned the moſt proper to con- 
tain it during the operation,—becauſe theſe do not readily 
communicate any diſcolouring contamination. 
6. 5. The materials are, then mixed, and ſubjected to a 
—_— new calcination, the object of which, is principally 0 
drive off any carbonaceous impurities which might ſtil 
remain among them. It is, likewiſe, uſeful to produce 
that thorough mtermixture of the alkali with ſand, which 
is requiſite to make the next part of the proceſs take 
place with due advantages. This operation is not pei- 
formed in the grand fuling furnace, but in other ſmaller 
turnaces adjacent to it, | 


6. The 


- 
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6. The matters thus intermingled and freed from all Boox Ix. 
extraneous mixture, are to be put into the fuſing furnace. = | 
They fill the pots. But, they ſhould be put in, gradually, rn int 
in order, that the preſence of ſo much colder matter, and slaſs. 
the cooling produced during the labour of the operation, 
may not too much and too ſuddenly diminith the proper 
furnace-heat. Aſter the firſt portion of the matter has 
been put into the pots, it is then neceſſary to await,—till 
all the fumes of the diſſipation of the ſuperfluous alkali 
ſhall have been evaporated,—and till the liquid glaſs ſhall 5 
appear, upon trial, to be internally free from bubbles of | 
buſting gas. Then, ſucceſhvely, add, at three or four 
intervals, the reſt of the prepared materials; awaiting, 
after each new addition, till the ſuperfluous alkali ſhall 
have been entirely diſſipated. The ſame proceſs may be 
carried on, either for all the pots together, or elſe for 
only one-half or any other proportion of thoſe which you 
have ready in the furnace. In this laſt caſe, while the 
glaſs is taken from the one-half to be blown,—it will be 
only in a progreſs of fuſion, in the others. 

7. The mechanical operation of blowing the Glaſs, 8 
[reading | it in plates, — ſucceeds. — PRI 

8. It ſometimes happens, that Glaſſes are blown too 2 2 
thick, and cool unequally at the different ſides. In theſe Remedy of 
caſes, the proceſs of heating the Glaſs a ſecond time in ang 28 
red heat, and cooling it by flow degrees, is neceſſary to 
communicate the defired uniformity and ſtrength. If this 
be neglected; the Glaſs will be apt to break when it is 
ſubmitted to cutting; or even any very moderate heat. 

8. Glaſſes are ſubject to various apparent imperfſeQtions 10. 
in. their ſtructure. When the materials have not been tion — 4 

thoroughly intermingled in the furnace, but as it were, oe 


L1 +4 applied 


* 
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Boox IX. applied to one another in ſeparate fayers ; then the G7 


Ster. IV- 


WW produced, is apt to exhibit a /riated appearance.—Some. 
times, the glaſs is marked with green freaks which owe 


- their origin to portions of aryillaceous earth.—lt has, in 


11. 
Pottery, 


other ſtances, the appearance of containing tears. Theſe 


are owing to particles of allumine from the corroſion of 


the pots. Glaſſes containing: theſe tears, are exceedingly 
ſubject to break. Some glaſſes exhibits knots or aſſieritics 
on their ſurface, produced by the too ſudden cooling of a 


portion of the Glaſs in the manufacture. Bubbles appear- 


ing in Glaſſes afford a proof, that they were made with 
too little refining, with too faint a heat, or with' the em- 
ployment of too ſmall a proportion of the fluxes. Large 
&nots appearing in glaſs, muſt have been produced by 
grains of ſand, or by that ſaline combination which is 


formed during the 3 and bears Up name of 


Salt of Glaſs. 


! 


- PoTTERY of all forts, from the coarſeſt brown pitcher, 
to the fineſt porcelain is prepared by a chemical manufac- 
ture not very unlike to that ot Glas. For this compoſi- 


tion, there is to be taken a clay compoſed of a mixture of 


ſiliceous and aluminous earth, but without any calcareous 
mixture. It ſhould be purified as much as poſſible from 


| ſand or gravel, and from all contamination by metallic, 
'or other combuſtible matters, It is to be wrought and 


attenuated, in order to encreaſe its fineneſs, conſiſtency, 
and tenacity. That which is called forcelain earth, is pro- 


cured by the pulverization of rocks of an aluminous and 


ſiliceous mixture, It is kneaded and wrought to the 


proper tenacity with the help of water. It is next to be 


formed with moulds, into thoſe various utenſils whack are 


to be fabricated of it. After receiving theſe forms, the 
works 


AT. 
. * 
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works are then to be painted—if painting be thought Boon IX. 


neceſſary, and to be expoſed, for a ſufficient length of time \2e7* wr 


to a due intenſity of furnace heat. The ſubſtances which 
Mr. Wedgewood of Staffordſhire employs in the en- 
cauſtic painting on the beautiful earthen-ware of his ma- 
nufacture, are a compoſition of a white earth from 
Azoree in North America, with metallic oxydes of va- 
rious colours, and a nitrous falt, Theſe mixtures are re- 
duced by grinding with oil of turpentine, into the ſtate of 
a paint. They are then laid upon the veſſel, agreeably to 


the painter's deſign. A great diverſity of colours is thus to 


be obtained. In other caſes, figures of baſſorelievoof the moſt 
elegant deſign, are cut upon theſe veſſels with the graver. 


The veſſels are then expoſed to an intenſe furnace heat. The 


paint is fixed with encauſtic force in a vitrified form on 
the ſurfaces of the veſſels. The aluminous mixture aſ- 
ſumes under the action of the heat, its utmoſt condenſa- 
tion, hardneſs and tenacity, The veſſels are fitted by flow 
cooling for uſe. In common caſes, it may be ſufficient to 
vitrify the exterior ſurfaces of the coarſeſt earthen ware 
by ſcattering upon it, a little muriate of ſoda, Some of 


the moſt beautiful of Wedgewood's earthen- ware, is, at 


leaſt partially, without painting or vitrificaion. The 
choice and proportions of the materials, their ſufficient pu- 
rification, attenuation and mixture, the elegance of the 
moulds, the beauty and perfeCtion of the relievos or the 
encauſtic painting, the intenſity of the heat, its thorough 
penetration of the veſſels, the ſlowneſs of the cooling &c. 
are the circumſtances upon which the perfection of this 
manufacture appears to depend. ae! 


The manufacture of Bricks is a coarſer ſpecies of the N 


ſame chemical Art. 
| Preparation 


12. 
icks, - 
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Boon IX. 
Szcr. IV. 
— 
VI. 
Prefaration of Cements and Plaſlers. 
lebe, ILIE poſſeſſes, among other remarkable properties, tha 


dens with of hardening in combination with water, inſtead of being 
ware | like fo many other ſubſtances, liable to be diffolved by 
water. It, alfo, has the quality of hardening much mote 
, | perfectly and to a much more refractory aggregation 
when it is mingled with filiceous earth, than while it is 
combined with water only. 
2. Theſe two properties fit it for forming a cement apt to 
Is pow? connect ſtones and bricks in buildings with a junction not 
tation. unlike to that of the different ſtrata of a natural rock. 
4 Any common mixture of Alumina and Silice with Line, 
 Mortr. - makes that ſort of dry or carthy mortar uſed, in many partsof 
; | | this and other countries, in the conſtruction of the cottages, 
| Lime burnt from rocks or ſhells, and then ſlaked with wa- 
ter, is mingled with ſand of conſiderable coarſeneſs, and 
with as much water as the Lime and Sand can abſorb, in 
the ordinary manufacture of mortar for the ' purpoſes of 
cementation. The Lime, the Sand and the Water re- 
quire to be very much wrought together, in order to pro- 
duce that intimate mixture and combination of them in 
their minute ſt particles, without which the mortar cannot, 
poſſibly, be eminently. excellent. 
= 4 The remains of ancient Roman Architecture, exhibit a 
1 Mortar of ; 
1 the ancient calcarcaus mortar which has hardened to rocky aggreg- 
Romans. tion, and which, time, and expoſure to air and water, 2p: 


pral 


0 
2 
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pear to have rendered only more refractorily tenacious and Boox IX, 


hard, inſtead of diſſolving it. It was fancied, that this \*<7* 
cement of the Ancients had been formed by ſome peculiar | 
ſecret that was now to be numbered among the loſt inven- 
tions; and many attempts were made to re-diſcover it,— 
never with ſatisfactory ſucceſs,-=-yet, not without pro- 
ducing ſome improvement in the accuſtomed preparation 
of calcareous cement. | 

But, in truth, though the Ancients certainly muſt have 2 
prepared their calcareous mortars with great {kill and care; the Tale, 
there was no ſuch myſterious ſecret in the matter, as ſome — 2 
have been pleaſcd to fancy. The effect of time and of — 
natural qualities and relations, has, in this inſtance, been 
miſtaken for an effect of human ſkill. The cement in 
the walls of all the Gothic Caſtles, the works of the Dark 
Ages, when the Architectural ſkill of the Greeks and 
Romans, no longer remained, appears to poſſeſs the ſame 
rocky conſiſtency, harder and more tenacious, than that of 
the cement in our modern buildings, —which is diſcovered 
in the cements of the ancient Roman works. The whole 
is, no doubt, effected by the natural operation of cauſes 
independent of man, —acting upon a calcareous mortar 
originally prepared with a reaſonable degree of care and 
fill. The water enters into intimate union in a ſaturating 
proportion with the lime, in the courſe of their remain- 
ing long together. The continual-abſorption of water and 
carbonic acid from the atmoſphere tends to form the cement 
into one homogeneous conſiſtency, at leaſt at the exte- 
rior parts. The preſſure of the weight of building under 
which it commonly lies, brings it ſtill more and more 
into union with the intermingled hiliceous land, And it is 

by 
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Box IX. by the operation of all theſe tee: many 


cher finer and more ſecret ones, that its perfect 4 


6. 


Dr. Hig- 


aggregration 1s,—only in the lapſe of ages, accomplithe!, 
In the year 1779, Doctor Bryan Higgins, then 9 


gins's mor- London, now Profeſſor of Chemiſtry under the Inſtitution 


tar and 
plaiſter, 


of the Royal Iriſh Academy in Dublin obtained the uſu] 
Letters Patent for the excluſive compolition and ſale of 
a particular cement his own Invention, to be uſed in 
building, repairing, and plaiſtering walls. 

Pure ſilicrous ſand that has not been water-worn, i, 
for thas conifiofition, waſhed, ſifted in a fieve which (hall 
tranſmit all grains that do not exceed in diameter one ſisc- 
teenth part of an inch,—and expoſed in the ſifting to a 
flow of clear water that ſhall carry away all ſoft» extra. 
neous matter, while the pure ſand which paſſes through 
the ſieve, falls into a proper receptacle. 'Thus purified by 
a fit ſifting, the ſaud which has ſubſided into the recep- 
tacle, is to be, next, farther cleanſed by a ſecond waſhing 


n clear ſtreaming water, and in a ſieve that ſhall tranſit 


only grains of which the diameter does not exceed one- 
thirtieth part of an inch. That ſand which, at this time, 


paſſes through the ſieve, is to be received, as before, into 


a proper receptacle; and is the fine ſand : That which 
remains on the ſieve is to be preſerved apart, as the coar/cr 


ſand. Theſe manipulations may be renewed, till ary 
required quantity of ſand is thus prepared. The two 


different ſorts of ſand are to be ſeparately dried, either on 
an iron plate in a furnace, or in the Sun.—So _ for 
the ſand. 

The Lime is next, to be arepurad Let that which you 


uſe; be the pureſt and moſt cauſtic fone-lime, that you can 


eaſily 
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eaſily procure, — ſuch as is little contaminated with clay, 20m 2 
gypſeous matter, or any ore of iron, that has been recently 


prepared, has heen kept from the -carbonating acceſs of 
air, and is ſoluble in acetous acid with the leaſt effer- 
veſcence. Put to the quantity of 141b, of this lime, at 
once, iuto as fine a ſieve of braſs- wire, as you can procure. 
Plunge the fieve with the lime into a butt of ſoft water, 
draw it quickly out; immerſe it, after a. little, for a ſe- 
cond time; continue this till the Lime, be entirely ſlacked, 
—and till there paſs, at length through the ſieve into the 
butt, to the quantity of an ounce of the lime to every 
quart of water in the veſſel. Let the Lime-Water thus 
formed, ſtand in the butt, till it ſhall become clear. Then 
draw it off by wooden cocks, one ſtill a little lower than 
another, as faſt as the lime ſubſides, and to the top of the 
ſolid lime at the bottom. This lime-water, Dr. Higgins 
calls his cementing liquor. — With it, then flake—to the 
quantity of fifty-ſix pounds of the lime of the ſame quality 
as that which you have already uſed. Sift this lime thus 
ſlaked in the braſs-wire ſieve: and when it. is fifted, — 
let it either be kept in veſlels excluding the air, or elſe 
uſed immediately, | 

A quantity of fine aſhes is next to be prepared by 
grinding. down the whiteſt burnt bones that can be pro- 
cured, and fifting the ground matter to the greateſt 
fineneſs. i | 

Take near 56lb. of the coarſe ſand, and 421b of the fine 
ſand. Mix them on a ſurface of hard wood. Spread the 
ſand, ſo that it may ſtand in a ſtratum of the depth of fix 
Inches. Wet it with the Lime-water or cementing liquor. 


Add I alb. of the pure ſlaked lime in ſucceſſive portions, mix 


the lime thoroughly with the ſand, and beat them together 
with 
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Boox TX, with the inſtruments with which mortar is uſually made, 


— next, in ſucceflive portions 1 Alb. of the bone; aſhes; 
and thoroughly mix and beat the whole, with as much 
quickneſs in the operation, as may be poſſible —The mix- 
ture thus formed, is what the Doctor calls his water- cement 
coarſe-grained. It is now fit for uſe in building, pointing, 
plaiſtering, ſtuccoing. It ought to be laid on quickly, 
and the materials uſed with it, ought to be all wetted with 
the cementing-liquor. For a fine grained cement, only the 
fine ſand is to be uſed. When the mortar is wanted, of a 
coarſer quality, and at a lefs expence, well-waſhed coarſe 
ſand or ſhingle may be uſed, with a proportion of the fine 
ſand. When the mortar is to plaiſter, tarras muſt be 
added to it, inſtead of 2-thirds of the bone aſhes. The 
cementing=liguor may be made. to ſoak into the work,—if 
the quality of the mortar be otherwiſe leſs perfect. For 
inſide plaiſtering, hair is mixed with this cement. For 
the purpoſes for which it was propoſed, this is certainly 4 
very excellent preparation. 
_ of = Dr. Williams of London, in the year 1780, . 
bamns's ce- 3 the compoſition of a fucco, of which 1 l olb. are to 
ment. de prepared by the admixture of Alb. of pure eaſeous matter 
from milk, I Ab. lime finely prepared and ſufficiently 
cauſtic, 84lb. ſand, fine, and well cleared, with lolb. of 
water. 

* "The perfection of plaifter in general, of whatever ſort, 
7 — appears to depend on the formation in it of a completely 
| ſaturated combination of lime with water,—on' a tho- 

rough mixture of the minuteſt particles into which the 
lime can be divided with the minuteſt correſponding par- 
ticles of pure filice,—on the preſence of a certain propor- 
tion of larger ſiliceous grains to ſerve as mechanical baſes 

for 
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for the other parts of the maſs, and on the excluſion to Boox IX. 


Szct. IV. 


the greateſt degree poſſible, of that carbonic acid, which ww 


tends continually to enter into cager union with Lime.— 
The pure caſeous matter from milk, may ſerv? to improve 
the tenacity of the plaiſter, when the Lime is not ſuffi- 
ciently mixed with the ſand,” and is too much- carbonated. 
But, Dr. Higgins's directions for the compoſition of 
mortar, are certainly among the beſt, that can poſhbly be 
propoſed, Mortar and Cement thus prepared, would, 
probably, in due length of time, acquire all the rocky con- 
liſtency-of the calcareous cements of the Ancients, 


VII. 
Bleaching. 


EITHER naturally, or in the courſe of uſe, all the 
cloths and other ſimilar matters employed for the accom- 
modation of human life, are liable to contain or acquire 
colours and contaminations from which it is deſireable to 
free them. The deterſion of ſuch colours and contamina- 
tions is called BLEACHING, It is de of the moſt im- 
portant of all the Chemical Arts, It is in continual ex- 
erciſe among mankind. Its more ſimple and ordinary 
mode however is—merely—WA$HING, BLEACHING 
is WASHING more complex and laborious, and intended 
to remove matters by which the effect of ſimple wasH- 
ING, 1s reliſted, 

M m -;- "Sl 
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Book IX. The 4 to be bleached are uſually cloth, yam, 

or thread of ſilk, flax, wool, and cotton, —compounds in 
peculiar modifications—of hydrogen, carbon, and azote, 

Subſtznces with a ſmall proportion of oxygen. 

bed The matters to be removed by BLEACHING are, 

Natters to uſualhy, reſins, oils, and metallic oxydes,—the two former, 

be removed compounds of hydrogen and carbon with, in reſins, more 

by bleach- 

ing. or leſs of oxygen. 

4 From the earlieſt times in as hiſtory of the Arts 
— water, expoſed to the heat and light of the Sun in the 
TV as deter- Open atmoſphere, the natural magneſian and calca- 
by —.— the reous mixtures, and the carbonated fixed alkalis, have 
Ancients, been the favourite ſubſtances employed to BLEACH dirty 

or diſcoloured threads and cloths. In Egypt, the country 
famous for fine linen among the ancients, Natron or an 
f | impure Soda was procured for BLEACHING, from the fas 
| mous Egyptian lakes in which that ſubſtance ſtill abounds, 
The Greeks and Romans uſed the well-known fuller's 
earth. In every country, ancient or modern, the ſame 


c 

I 

0 

I | . 
3 ſubſtances in diſterent ſtates of their exiſtence, have been c 
| U 

ſt 
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a employed, as bleachers and detergents, Human urine and 
cow's dung have been added to them in 5 of our 


own peaſantry. tl 

5. In theſe later times, where BLEACHING has been ex- n 
Detergents 
of modern Erciſed in theſe countries, as a great branch of manu- p. 
erching. facture; the BLEACHERS have employed chiefly waſhing tl 
with warm and cold water, boilings in alkaline lies, mace- C: 

ration in alkaline and acid ſteeps, expoſure to the action L 

=: of light and heat in the atmoſphere, with mechanical a 
6. beatings and rubbings. C 
| 22 Weil, is naturally contaminated only with animal oils. fr 
ad Wool The ſtains which it accidentally receives, are rarely difi- W th 


len Stuffs, | cult 
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cult to be completely removed. Waſhing with water, with 2 _ 
ſoap, or with any alkaline lye, is, therefore, uſually ſuffi- yu 
cient to bring wools and woollen cloths to the utmoſt pu- 
rity of natural colour of which they are ſuſceptible. 
Pitch or tar in commixture with butter, is, in cold climates, 
applied upon the fleeces of ſheep, as an additional protec- 
tion againſt the cold of winter. It enters into an intimacy 
of union with the wool, and fixes upon it other contami- 
nating matters, ſo cloſely, that it becomes almoſt impoſ- 
ſible, without a very laborious proceſs of BLEACHING, to 
reſore to the wool, its primitive beauty of colour. The 
ſame BLEACHING which ſucceeds in removing the 
reſin from cotton or linen, will, alſo, remove it from theſe 
woollens ; but, not without great labour and difficulty. 
Linen and flax owe their natural green colour 
chiefly to a vegetable reſin which naturally exiſts in them. 
It is intimately mixed in the filaments of the flax, and by 
conſequence, in the threads and the whole textute of the 
cloth. In order to diſſolve and remove it, the thread and 5 
cloth require to be firſt opened in almoſt all their minuteſt Af Ties 
parts, to the chemical action of the BLEACHING ſub-and Cotton: 
ſtances to whoſe influence they are to be ſubjected. Next, 
the ſubſtances adapted to operate as ſolvents of the reſin, 
muſt be applied in ſuch a manner as to act upon all the 
parts of the thread or cloth opened to their acceſs. Laſtly, 
the texture muſt be as little as poſſible, deſtroyed ; and 
care muſt be taken not to reduce the cloth by the 
BLEACHING, into a ſtate in which it may have too great 
a tendency to enter into new diſcolouring combinations. 
Cotton, being likewiſe diſcoloured by a reſin, is to be freed 
from it in the ſame manner as Linen and Flax: nor is 
there any eſſential difference between the modes of 
Mm 2 BLEACHING 
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Book IX. BLEACHING required for theſe two ſubſtances, 4 


Scr. 1 


—— dreſſi ing or vegetable gluten is put upon both cotton and 
Urnen threads in the weaving of them into cloth, in order 
to- give ſmoothneſs and firmneſs of texture, ſuch as ſhall 
ſufficiently endure the working of the loom. This, is to 
be removed m the commencement of BLEACHING. But, 
it is ſoluble in hot water ; and, PC is eaſily remove 
by boiling and waſhing. 

To . The ſubſequent proceſſes were till lately, extremely te- 
— of dious, and required long labour, a great waſte of time, and 
Bleaching. an extraordinary conſumption of expenſive materizls, 
The waſte of lime, alkali, acids, fewel, was very great. 
The price of the cloth was prodigiouſly enhanced by the 

expence of the BLEACHING. 
: by Since the character of chemiſtry, has been ſo remark- 
— ably changed by the diſcoveries of Lavoiſier ; ſignal im- 


ments in 


— PM provements have been accompliſhed in the proceſſes of 


the modern BLEACHING. It was underſtood, that Acids in general 


=o wa owed to their oxygen, their power of acting upon co- 


57h lours. It was ſoon diſcovered, that thoſe Acids in which 
the oxygen was liable to be the moſt cakly detached from 
the baſe, had the greateſt energy in that deſtruction 
of colouring Reſins, which conſtitutes BLEACHING. 
Of them all, the oxygenated Muriatic Acid was found to 
perform this the moſt readily,—even with a force which, 
if not moderated, would almoſt entirely deſtroy the mat- 
ters expoſed to its BLEACHING Action. The requiſite 
moderating of its enegy, was to be procured by the ſolution 
of the gas in water. The ſuper-oxygenation of the Acid 
was found to be the moſt eaſily practicable by expoſing 
oxyde of manganeſe to the action of ordinary muriatic 


acid. The invention thus Ry improved, was at la 
| fitted 


fitted for the uſe of actual BLE aculNG. Berthollet, e IX, 
a philoſophical chymiſt, M. Paget de Charmes, as a prac- 
tiling bleacher, were thoſe who, in France, firſt taught 
how to bleach” conveniently and ſucceſsfully with the 
diluted oxygenated muriatic acid. The proceſs of 
Berthollet was quickly made known by tranſlation, and 
ſucceſsfully imitated, in Britain. The uſe of this diluted 
muriatic acid, in alternation with boilings in ſolutions of 
pot-aſh, and with expoſure to the heat and light of the 
ſun, in the open air, have been found by the moſt cau- 
tious adopters of the improvement, to bleach without in- 
juring the cloth, and to do it effectually, with a wonderful 

_ faving of time. As a farther improvement, to ſave the 


loſs of the acid which always took place in the moſt fru- £78 
gal mode of applying it, as well as to avoid that inconve- 5 1 


nience to the workmen which ſtrongly aroſe in the former 
free application of the acid,—it was contrived to uſe in- 
ſtead of the diluted oxygenated muriatic acid, an oxy- 
muriate of pot-aſh, the uſe of which afforded all the ad- 
vantages of that of the naked acid, with cheapneſs ſtill en- 
creaſed, and with the moſt perfect convenience to thoſe 
by whoſe toil it was to be applied. The uſe of this oxy- . 
muriate of pot-aſh, is now extenſive in both Britain and 
Ireland, Mr. TEXNANT taught to ſubſtitute oxy-murite 
of lime, as cheaper, and not leſs efficacious in its action, 
than that of pot-aſh. 

But we owe to the talents of Dr. H1661Ns, Chemiſt to 
the Iriſh Linen Board, an improvement more recent than 
any of thoſe above-mentioned, which affords ſtill greater bs 
cheapneſs, with equal whitening, in this important pro- . 

ceſs of bleaching. Aware, that the mixtures of ſulhur 
Vith. oda poſſeſſed detergent qualities of the moſt powerful 
Mmz3 energy; 
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Book 16 energy ; and conſidering the Gmilarity of lime in many 
. others of its energies to the fixed alkalis ; he was led to 

believe, that Su/thure or Sulfhuret of Lime might exhibit 

the ſame” detergent qualities as Sulfthuret of Soda. He 
Fe — . made trial, A Sulfhuret of Lime compoſed of Alb. of 
with Sul. Sulphur added to 20lb of lime, and this mixture diluted in 
_—_—_ 16 gallons of water, afforded a ſolution which anſwered 


1 as well, cold, as did the boiling ſolutions of oxy- muriate 
Lime, of pot-aſh. He has, therefore, recommended, that Linen, 
after being cleared of the weaver's dreſſing, ſhall be 
bleached by immerſing the cloth alternately in a ſolution 
of ſulphuret of lime, and a ſolution of oxy-muriate of 
Lime,—ſix times in each. His proceſs bleaches the 
Linen as thoroughly, and with leſs expence than any of 
the former proceſſes. Lime is cheap; Sulphur is not 
enormouſly dear: and when this cheapneſs of the in- 
gredients, is added to the abbreviation of time and toil ; 
certainly the inventor of ſuch an improvement, deſerves 
the moſt liberal, public, gratitude and praiſe. —Silks are 
ſuſceptible of being cleaned of the reſin and animal oil, 
upon the ſame principle of BLEACHING on — Linens 

| are cleanſed. 
N As to the ratio of theſe ocelies, the 3 things 
Ratio of ar evident. The ſubſtances to be diſcharged from 
Bleaching. Cloths in Bleaching being combuſtible, are to be diſſolved 
by incombuſtible ones: And ſurely nothing can be more 
probable than that Oxygen, Lime, Potaſh, and Soda, ſub- 
ſtances agreeing in combuſtibility, and in the ſame Bleach- 
ing energies, are, in their eſſential nature, but onc 
common element. A great part of the proceſs of the 
BLEACHING conſiſts in bringing all the minuteſt particles 
of the reſin throughout the whole cloth into full contact 
with 
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with all the particles of the oxygen, lime, or alkali, Boox 1x. 


Ster. IV. 


Hence the uſe of frequent boilings, of long expoſure in 


the open air, of watering, ſteeping, &c. Whenever the 
Bleaching is finiſhed, without the complete contact of all 
the parts having taken place between the cloth and the 
Bleaching matter, - the proceſs is imperfect. It ix its ga- 
zeous ſubtilty which renders gas- oxygen ſo much more 
ſuitable than ſolid or merely liquid ſubſtances to decom- 
poſe the reſin of cloth. But, as the reſin to be taken 
away is compoſed of the ſame primary elements, with 
the filament that is to remain ; there is danger leſt the 
oxygen, the lime, the alkali, while they decompoſe the 
former, may decompoſe alſo the latter. Sometimes, by 
injudicious application, they do thoroughly deſtroy the 
texture of the filament ; and it is then ſaid to be burnt in 
the BLEACHING, In other caſes, and theſe not uncommon 
in the new Bleaching, the cloth only has the proportion 
of its principles ſo altered, that it is liable to be ſpeedily 
yellowed after bleaching, by new attraCtions from the 
atmoſphere, &c, | 
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IX. 


. Dyei ng. 


4 Dyzixci is a much more complex chemical Art, than 
lern of that of BLEACHING. Its object is—to change the native 
colours of bodies, to induce new colours at our ſileaſure, and 
render our artificial colours 5 hn _ ſubſtances 
en which they are induced. 

Yn FR If we were fully acquainted with the chemical nature 
ty of the and relations of Zight and Colouring Matter; it might 
Light and be eaſy to reduce the ART oF DYEING to an eſtabliſh- 
— ing ment upon ſcientific principles. But, thoſe relations we 
do not certainly know. We know not, whether Lig t, 
in conſequence of a mechanical and chemical ſubdiviſion 
into its different rays, become the Colouring Part of all 
viſible ſubſtances, or whether Colouring be not rather like 
hardneſs or ſoftneſs, the reſult of the peculiar ſtructure of 
every different material ſurface, depending on no peculiar 
Colouring Matter, but ſimply requiring the medium of 

Light to enable it to act on the viſual organs of animals. 
3- Perhaps LicHT may deſerve to be regarded, merely, 
Theory 
the ee as a Subſtance of fieculiar relations and attractions, mechas 
of Light. ical and chemical, which make it ſuſcefitible of ſolution in 
fire, air, and water, render it, in theſe ſolutions, excluſive- 
ly caſiable of forming the medium of a ſenſible communica» 
tion between the animal eye, and the ſurfaces of all other 
materia! bodies, but enable it /imfily to tranſmit to the eye, 
the impreſſion of the mechanical and chemical ſtructure of 
the frarts of "_- ſurfaces, —while fo far as its rays are, 
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ſcharately, viſible, this is by virtue only of the chemical and Boon IX. 
ECT. - 


mechanical flrufture of their farts. If this be ſo; Light, „ 
is not the principle of Colour, but only the medium of 


communication between Colour, and the human ſenſe. 
Its fixation in bodies, in this caſe, does not act, as giving 
a colour to what would otherwiſe, be colourleſs, but, as 
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main under ſome variety of the Maite colour. They 
are, in their chemical compoſitions, compounds of azote, 
hydrogen, and carbon, with often ſome ſmall proportion 
of oxygen. They approach all, more or leſs to the bitu- 


minus or the oleaginaus character. 
of | Our 


inducing a chemical change by which the ſtruCtures at : 
the ſurfaces are altered. This view of the matter is not 41 
certain. But, it combines, in its favour, a greater num- 701 
ber of facts and analogies, than can be muſtered to re- 41 
commend any other one. , It differs from that which is 4 
exhibited in the Section upon Light, in the fourth Book 1 
of this Work. It does not repreſent the priſmatic di- 4 
viſion of the rays of Light, as taking place fo inceſſantly 7 
as was there repreſented, in the operation of Colours. is 
If, then, we conſider the Colour as /impily the impireſ= | % 
fron of the fine chemical, ſlightly influenced by the mechani- 3 
cal, ftructure, whatever it is, — any ſurface, uſon the 3 
Human Eye, through the medium of Light diſſolved in fire, i 
air, and water; We ſhall infer the Art of Dyeing to be . 4 
wholly a chemical Art, the principles of which Chemiſtry ps Art of Z 
8 N - 0 eing. (4 
may one day, ſatisfactorily explain. —TF following is a Chemical. : 
ſketch of the preſent Chemiſtry of Dyeing. : A 
Wool, ſilk, cotton, linen are the ſubſtances upon which 6. 1 
new permanent colours are commonly attempted to be — x: 
fixed by Dyeing. Theſe ſubſtances tend naturally to re- 4 
8 


j 


IS *. <. = MA. 


ec 


n 


2 


Nene 7988 


554 5 Chemical Arts, 


Boox IX. Our Colouring Sub/tances are, chiefly—vegetable Ex- 
Secte IV: trac᷑ts metallic oxydes,—with ſome preparations from 
animal matters. Theſe are almoſt all, compounds of 


6. 
| Cetewing hydrogen, oxygen, carbon, and azote, with different baſcs 


terrene or alkaline. 

It is not difficult, to diffuſe the Colouring matters, 
mechanically, over the ſubſtances which we defire to 
colour : Nor yet, even to unite the- mans with the latter 
by flight chemical combinations. 

7 But, it is extremely difficult to effect a combination of 
— the Colouring ſubſtances with thoſe which we deſire to 
permanent colour, ſuch as ſhall not be diſſolved by any of thoſe 

chemical influences to which—cloths, for inſtance, —are 
to be expoſed, during their ordinary uſe. For this rea- 
ſon, infinite pains and artifice are to he employed in Dye- 
ig. Nor is the ſucceſs of theſe pains and artiice, almoſt 
in any inſtance complete. 

3. Io accompliſh its ends, the Art of Dyeing 3 | 
Generdm® fo imitate the Chemical Cconomy of Nature in the 


nagement 


Ot the Dyer. elaboration of thoſe which are called the immediate prin- 


ciples of Animals and Vegetables. Like Nature, the 
Dyer is obliged #0 attempt a great complexity of Chemi- 
cal compoſitions, and to add one compound to another : 
He has to diſcover—what colouring matters will com- 
municate the brighteſt and moſt diſtinct colours, — what 
will give the moſt permanent, colours, — What additional 
ſubſtances will fix or even call forth a colour which the 
principal Colouring Matter might not have, alone, af- 
forded, —by what proceſſes of immerſion, bailing, waſh- 
ing, cooling, drying; &c. the combinations of DyE1xG 
may be the moſt completely accompliſhed.—It is granted, 


that, however other things be, one grand eſſect requiſite 
7 | to 
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to de produced i in DyE1NG, is that of the moſt intimate — 2 


contact between every minute particle of the dyeing « 3 
ſubſtance, and every minute particle of the ſubſtance L 
which is to be dyed It is, likewiſe, to be allowed, that 
a Coloration which cannot reſiſt every poſſible deſtroying 
agency, may, however, be ſufficient, if it can with- 
ſtand the action of air, water, atmoſpherical heat, and 
waſhing with ſoaps. 
WHITE is ſo common in Nature, that we never try 
to produce it in cloths, otherwiſe, than by Bleaching WOES 
Waſhing. y dyeing, 
BLUE is dyed by the uſe of Indigo, the extract obtained 
from a plant of the ſame name, by means of infuſion, ſpon- 
taneous fermentation, churning, depoſition, the ſtraining of 
the depoſitum, and the formation of it into ſquare pieces 
for ſale. Paſtel, Mead or Jſatis Tinctoria, an European 
plant, affords alſo a good BLUE colouring matter; and 
by due. preparation, its extract may even be made to yield 
Indigo. But, the ſolution of either of theſe ſubſtances 1s 
not, alone, capable of communicating a permanent BLUE 
colour to cloths. In the dyeing of BLUE with theſe 
ſubſtances ; it is uſual to mix 400lb. of paſtil, 30lb. of 
weld, 20lb. of madder, 8 or glb. of lime, a quantity of py" Dycing of 
indigo varying from 10lb. to 30lb. with a baſket of bran; 
putting in theſe matters at different times, and digeſting 
them for a number of hours in a ſtrong heat and in 4 
wooden vat; and then at length immerſing the ſub- 
ſtances to be dyed. When indigo alone, without paſtil, 
is the colouring matter; then a proportion of potaſh, 
madder, and bran are diſſolved, with the indigo; and the 
whole is digeſted over a flow fire, till it aſſume the re- 
quired blue colour, Silk, wool, linen, and cotton — 
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* 
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Boox IX. alike, dyed in indigo baths, but with ſome variation in 
— e, the proportions of the ingredients and the advancement of 
the proceſs. A ſolution of indigo in ſulphuric acid, gives 
that which is called Saxon Blue — Pruſſian Blue is dyed 
by the muriatic ſolution of Pruſſiate of iron or the neutral 
falt formed by the union of Iron with the Pruffic Acid. 
In all theſe caſes, the grand agents are oxygen, carbon, 
with hydrogen, iron, and azote. The analyſis of indigo, 
proves it to be, for more than one-half of itſelf, compoſed 
of carbon: Its next principle 1s hydrogen : It has a ſmall 
addition of oxygen: And it contains likewiſe, a little 
iron. It may be ſaid to partake of the characters of a bitu- 
| men, an acid, and a neutral ſalt. It ſeems to owe 
4 | chiefly to its iron and carbon, its power of affording a 
1 blue colour, — to its oxygen, the particular brilliancy of 
e that colour. From the phœnomena of dyeing with In- 
. digo, there ariſes no reaſon to induce us to think that 
there is any myſterious and peculiar colouring matter in- 
"4 | duced in it, diſtin from the reſt of the chemical compo- 
. 55 ſition of the coloured body. 
| BLACK is induced—by boiling cloth which has been 


11. 
Dyeing of previouſly dyed blue, in a bath of Gallic Acid or the in- 
Black, 


; fuſion of Nut-Galls, for two hours, — keeping it for two 
; | | hours more, without boiling, in a bath of logwood and 
4 ſulphat of iron,—then wathing and fulling it. There 
b a are various other methods of dyeing Black. This is one 
c | of the ſimpleſt, Sumach is often uſed inſtead of nut- 
? galls. It ſhould ſeem that carbon and a neutral ſalt of 
q | iron are the principal cauſes in this proceſs, —by which 
8 the black colour is induced. In inducing a black colour 
. on ſilk, no previous blue is communicated. The {ilk is 


cleared of its natural gum, It is boiled in a bach from 
galls; 


- Dyeing. 


galls ; and a quantity of ſulphate of iron is, in due time, Book IX. 


to produce the final precipitation of the Black Colour. 
Madder, the R1bi2 ti: Forum foliis fenis and the Ru- 
bia ſiererina folus quaternis ; the 3ckinea! inſet which 


feeds on the noſtalalant in Mexico; Kerines, the caccus Red. 


ilicis, an inſect which lives on the quercus coccifera in va- 


rious parts of Aſia, and in the South of Europe; Gumlac, 


the production of a ſort of Ants, which they depoſitè on 
the ſmall branches of the creton lacciferum, in the Eaſt 
Indies; Archil, a paſte prepared from different lichens, 
the growth of Europe; the flower of the Carthamns tine- 
torius, an annual plant cultivated in the South of Europe; 
the decoction of brafil-wood, the cgſalhinia criſia, and 
Logwoed, the Hæmatoxylum Camfechianum ; are the dif- 
ferent ſubſtances employed to give a RED Colour to cloths 
and Stuffs. Scarlet and Crimſon are the two moſt re- 
markable ſpecies of RED. The Colouring-matters are 
not by themſelves fixable upon Cloths. Recourſe muſt, 
therefore, be had to a very complex aſſemblage of afh- 
nities. Sulfhate of alumine, tartareous acidulum, galls, 
and other vegetable aſtringents, ſada and fotaſh, nitrous 


and muriatic ſalts, acetic ſalts, &c. are employed as inter- 


mediate, the mordants or baſes of the dyers, to accompliſh 
the permanent fixation of the Colouring matters. The 
baths are numerous; and the ſeries of proceſſes at once 
complex and delicate.» Madder with -a proper baſe or 
mordant, is capable of communicating a good RED co- 
colour to woollen cloths. The Turkey or Adriansfile 
RED of cottons is, alſo, derived from madder : but Euro- 
pean dyers have been little ſucceſsful in communicating 
that fine dye which is produced with a very complicated 
proceſs, by the ayers of the countries on the Levant. 
SCARLET. 


358 


Boox IX. 


Ster. IV 


Chemical Arts, 
SCARLET is dyed with cockineal for the princgal colour. 


ig ingredient. \CRrIMsoNn the natural colour of the 


* : 


cochineal, may be produced by the action of alum, pot- 
aſh, ſoda, or ammoritac, upon SCARLET cloths. A ſo- 


lution of tin is uſed in communicating both the one and 


b 

N 13. 

> Dyeing of - 
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the other of theſe colours. Aermes affords a ScARLET. 
Lac is, for different reaſons, preferable to Kermes, for the 
ſame uſes. Archil gives to ſilks a ſort of crimſon violet 
colour. Logwoed affords a dark-red ; but, when treated 
with different matters, is capable of affording alſo other 
colours. The mixture of theſe different colouring matters, 
and the variation of the mordants or baſes, will produce 
many different modifications of the colour, —Higher oxy- 


genation, the preſence of earthy matters and metallic 


oxydes in greater quantities, with, perhaps, a ſmaller 
proportion of carbon, —and ſome little azote,—are re- 
quiſite to effect the fixation of a red colour, — more than 
in dyeing blue and black 

A YELLow colour for the dyeing of ſtuffs and cloths, 
is produced—from Weld, the reſeda lutrola, a plant con- 


ſiderably common in Europe, from fuftic the wood of 


the Morus Tinctoria a large tree of the Weſt Indies, 
from Annotta a ſubſtance prepared in America, from the 
ſeeds of the Bixa Orellana, from the faw-wort or ſerra- 


4ula tinftoria,—from turmeric, the curcuma longa,—and 


from ſome other plants. Metallic. oxydes, and aluminous 
falts ate to be uſed as mordants to produce the fixation 
of the Colouring-matters upon the ſtuffs. The proceſſes 
are conſiderably various and complex. Many different 
ſhades of YELLow are produced by the uſe of theſe diſ- 

ferent ſubſtances in dyeing. 
Fas 
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FawN-colours are produced by means of walnnt-feels, Boox IX. 
—ſumach,—rhus coriaria, a plant, the growth of Syria, eee 
Paleſtine, Spain, and Portugal, from the bark of the . 
birch, or betuld alba, &c. | RS, - 

GREEN, the mixture of blue with yellow, - is perma- 24. 
nently produced on Cloths, by inducing either a blue upon Green. 

a yellow, or a yellow upon a brown. The proportions 

of two primary colours may be varied—according as a 
deeper or a lighter ſhade of the green is deſired. 
There is alſo a Saxon Green, which is produced from the 
ſolution of Indigo in ſulphuric acid. Mordants or baſes 
are requiſite in dyeing Greens; and a variation in the 
Merdants occaſions a correſponding variation in the co- 
lour produced. 

The mixtures of red and blue give the violet, 5 16. 
panſy, amaranth, lilac, &c. colours. Acetic ſalts are Rad nk 
uſed, here, as baſes. The mixtures of red and yellow af- Bloc. 
ford alſo many beautiful diverſities of colours. Browns 
and greys reſult from the mixture of black with other 
colours. 

Of Dyeing in general, then, this is the Chemical The- 3 
ory, Light is ſimply the medium through which par- Theory & 
ticular qualities of the exterior ſurfaces of all bodies, are Doug 
conveyed to the human mind by the eye. All bodies 
which have viſible colour, poſſeſs that colour in the mi- 
nute chemical and mechanical arrangement of their ex- 
terior parts. Many mechanical changes, but in particu- 
lar, every chemical change, in bodies, effect alterations 
in their colours. Theſe alterations are, —DE MONSTR A+ 
TLvELY,—produced,—not by the varying fixation of 
different parts of the matter of Light, —but ſimply, by 

chanical and chemical changes in the moſt intimate and 

minute 
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Boox IX. minute relations of the parts of any body whatcrer 
Szcr. IV. * 1 . . 
here is not any ſuch thing, as a peculiar colouring 
8 principle, diſtinguiſhable as the only thing that can be. 
come the cauſe of colour in bodies. In he communica. 
tion of new colours to bodies, it is neceſſary to add new 
matter by chemical combinations, and to make theſe 
combinations ſo ſtrong and permanent, that they may not 
be readily decompoſable by any of thoſe influences of air, 
water, heat, &c. to which, artificially coloured ſubſtances 
are in uſe to be expoſed. This can rargly be accom- 
pliſhed without a very complex operation of chemical 
affinities. In ſome inſtances, indeed, the colouriug mat- 
ter exiſts, ſuch as we are to uſe it, before the commence- 
ment of the dyeing proceſs. And that proceſs eaſily ſuc- 
ceeds in fixing it on cloth or ſtuffs. In other caſes, the 
colouring matter, itſelf, is the reſult of new combinations 
effected in the proceſs. - In far the greater number ot 
caſes, the fixation of the colouring matter, is not to he 
produced without the uſe of ſubſtances which are em- 
ployed, not to colour, but merely for the ſake of this fi- 
ation, In all, the Art is wholly chemical. As many 
chemical variations as can be effected at the ſurfaces of 
bodies; ſo many poſfible diverſities of colour, are there, 


. | : The mordants and baſes are as various as the number of 

theſe matters which are capable of contributing to the 

1 fixation of any colouring matter, either without altering 

4 its nature, or at leaſt without altering it, otherwiſe, than 

4 | in a manner that can be uniformly reckoned upon. 

Y _ 18. The preparation of colours for fainting, differs from 
14 inter's 


Colours. dyeing. Theſe colours are not to be chemically intermixed 
with the ſubſtances to be painted, but are—only, to be 
mechanically applied upon them. For this purpoſe they are 

| groum 
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ground down to the fineſt ſtate of pulverization, and, in Boos IX. 
this ſtate, are intermingled with a fluid matter which gives iy - 


to the parts of the powder, a tendency to adheſive union 
with one another. Oils, alcohol, water, attenuated 
gums, are the only ſubſtances capable of performing this 
part in mixture with Painter's colouring matters. Theſe 
communicate their ſoft adheſiveneſs of nature to the co- 


lours ; retain them in that ſoftneſs while they are to be 


laid on ; then hardening, with them, produce the proper 
fixation of the colour upon the canvas.—The painting 
upon calicses, &c is in its nature, ſomewhat intermediate 
between painting upon canvas and dyeing. 

Mineral, vegetable, and animal ſubſtances are all uſe- 
ful in dyeing and painting. Only, it is neceſſary, that 
ſuch matters as are thus employed, ſhall, be, in the 


higheſt degree, fixed in their nature, or ſuſceptible of the 


moſt indeſtructible fixation, 


144 

Ed 

2 + 

* 4 

2 { 
Manufacture of Sugar. 


SUGAR is a ſubſtance which exiſts either ready-formed, 


is, erery where, the baſis of that which is called—Stweet- 
neſs. Its preſence is previouſly neceſſary in order to the 
taking place of vinous fermentation. Its extraction from 


plants which afford it in the greateſt abundance, and its 
refinement for the common uſes of life, in a pure and ſe- 


Nn pare 


or at leaſt in its elements, in very many vegetables. 1 
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Ancient . carried out plants of the Sugar-Cane to America; but 
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Boox IX. parate ſtate, are among the moſt important of the Cle, 
4— nic Manufactures. The SUcar'Cant, the Saccla. 
rum Officinarum, however, yields Sugar, in a proportion 
ſo much larger than that in which the ſame matter is 10 
be obtained from any other, that only this Cane has 
been as yet cultivated, expreſsly for the purpoſe of afford. 
ing Sugar to the extraction of the manufacturer. 
This Cane has been from the moſt ancient times, 
known in Aſia. Of its produce, ſome ſmall proportion 
appears to have been, during the greatneſs of ancient 
Rome, imported by circuitous channels, into Europe. 
In the progreſs of the ſubſequent ages, the plant itſelf 
became known in Europe, and was introduced into cul- 
tivation. Before the æra of the diſcovery of America, it 
2. was in nouncommon cultivation in Spain. The Spaniards 
Culture of 
3 the plant had been, even before, propagated in this hemil- 
phere. They had not been long ſettled in their new co 
lonial ſeats, till they made Sugar a principal article in 
their manufacture and agriculture. It has continued, ever 
| ſince, to be the principal produce of the European, co- 
 Jonial territories, in the Weſt India Iſles. It is produced, 
alſo, in very large quantities in the Eaſt. The Anglo- 


\ 

Americans extract it from the maple- tree. The Cane is t 

a produce of all the South-Sea Iſles of late diſcovery. 4 

In Pruffia, and other parts of Germany, it has begun to F 

be extracted from a particular ſort of beet. The follow- t 

ing is the mode of its manufacture in the Weſt Indies. 1 

Os "OL. The plants are cultivated in rows, on fields enriched by 4 
Culture of ſuch manures as can be the moſt eaſily procured, and d 
the Sugar- tilled with the plough. They are annually cut. The t 


— 5 cuttings are carried to the mill. They are cut into ſhort 
N Þ Te 175 pieces, 


| f Sugar. J 


act upon the canes, are upright cylinders, Between 
theſe, the Canes are inſerted, compreſſed, ſqueezed till 
all their juice is obtained from them, and are, themſelves, 
ſometimes, even reduced to powder. One of theſe mills 
of the beſt conſtruction, bruiſes canes to ſuch a quan- 
tity, as to afford, in one day, 10,000 gallons of juice— 
when wrought with only ten mules. The expreſſed 
juice is received into a leaden bed. It. is thence conveyed 
into a veſſel called—the Recerver. 


cilage. From the greener parts of the Canes, there is 
apt to be, at times, derived, an acid juice which tends to 


bring the whole, unſeaſonably, into a ſtate of acid fer- 


mentation. Fragments of the ligneous part of the cane, 
{ome portions of mud or dirt which unavoidably remain 


on the canes, and a blackiſh ſubſtance called the cruſt 
which coated the canes at-the joints, are, alſo, apt to - 


enter into contaminating mixture with the juice. 
From the receiver, the juice is conducted along a 


This juice is found to conſiſt of eight parts of pure 4 
water, one part of ſugar, one part of oil and gummy mu- pare uce | 
of the Cane, 
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pieces, and arranged in ſmall bundles. The mill is 2 110. 


wrought by water, wind, or cattle. The parts which 


wooden gutter, lined with lead, to the boiling-houſe., In The fic 


the boiling houſe, it is received into copper-pans or caul- 


tion to the quantity of the canes, and the extent of the 
ſugar-plantation, on which the work is carried on. Each 


clarifier has a ſyphon or cock, by which the liquor is to be 


drawn off, Each hangs over a ſeparate fire; and this 
hire muſt be ſo confined, -that by the drawing of an iron-. 


Nn 2 _ flider 


to the Boil- 
ing-Houſe. 


drons which have the name of Clarifiers. Of theſe Cla- - 
fer, the number, and the capacity muſt be in propor- 
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Book. ix, der fitted to the chimney, the fire may be, at any time, 
Sor. IV, | 
Ay put out, 

6, In the progreſs of the operations, che ſtream of juice | 
Ciocels of from the receiver, fills the clarifier with freſh liquor. 
tion. Lime in powder, is added in order to take up the oxalic 

acid, and the carbonaceous matters which are mingled in 
the juice. The Lime alſo, in the new ſalts into the 
compoſition of which it now enters, adds itſelf to the 
ſugar, as a part of that which is to be obtained from the 
proceſs. The Lime is to be put in, in the proportion of 
ſomewhat leſs than a pint of lime to every hundred gal- 
lons of liquor. When it is in too great quantity, how- 
ever, it is apt to deſtroy a part of the pure ſacchatine 
matter. Some perſons employ altaline aſhes, as prefcr- 
able to Lime for the purpoſe of abſtracting the extraneous 
matter. But, it is highly probable, that Lime judiciouſy 

_ uſed, might * better, than any other ſubſtance what- 

| ſoever. 

. Tho Eber bsw . to be heated almoſt to ebullition. 

Continns- The heat diſſolves the mechanical union, and thus favours 


tion of 


that proceſs the chemical changes, in its different parts. When the 
proper heat appears—from a riſing ſcum on the ſurface 
of the liquor, to have been produced, the fire is then 
extinguiſhed by the application of the damper, In this 
Nate of the liquor. the greater part of the impuritics,— 
being different in ſpecific gravity, from the pure ſaccharine 
ſolution, —and being alſo of ſuch a nature as to yield 
more readily to the chemical action of heat,—are brought 
up to the ſurface, in a ſcum. After this ſcum has been ſuff - 
ciently formed on the cooling liquor, this liquor is care- 
fully drawn off, either by a ſyphon which raiſes a pure 
ſtream through the ſcum, or by a cock drawing the liquo! 
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at the bottom from under the ſcum, The ſcum, in cither Rook IX. 
caſe, ſinks down, unbroken, as the liquor flows; and is, _ — 
now, by cooling, of ſuch tenacity, as not to tend to any 
intermixture with the liquor. 

The liquor drawn, after this purification, from the HE Bo. 
boiler, is received into a gutter or channel, by which it is tion of the 
conveyed to the grand cofifter or evaſteorating bouler. —— 
made from good canes, and properly clarified; it will | 
now appear almoſt tranſparent, In this copper, the li- 
quor is heated to actual ebullition. The ſcum raifed to 
the ſurface by the boiling, is ſkimmed off as it riſes. The 
ebullition is continued till there be a conſiderable diminu- 
tion in the quantity of the liquor. The liquor now ap- 
pears nearly of the colour of Madeira wine. It is at laſt 
transferred into a ſecond and ſmaller cer. An addition 
of lime-water is here made, both to dilute the thickening 
liquor, to detach ſuperabundant acid, and to favour the 
formation of the ſugar. If the liquor be now in its pro- 
per ſtate, the ſcum riſes in large bubbles, with very little 
diſcoloration. The ſkimming and the evaporation toge- 
ther, produce a conſiderable diminution in the quantity 
of the liquor. It i is, then, transferred 1 into another ſmaller 
boiler, 

In this laſt boiler, the evaporation is renewed, and con- 
tinued till the liquor is brought to that degree of thickneſs 
at which it appears fit to be finally cooled. 

In the cooler, — a ſhallow wooden veſſel of conſiderable g. 
length and wideneſs, commonly of ſuch a ſize as to — 


evapotation 
contain a hogſhead of ſugar, — the ſugar, as it cools, gra- e Lage 
nulates, or runs into an imperfe&t cryſtallization, by the Sugar. 
which it is ſeparated from the melaſſes,—a mixed faccha- 
rine matter too impure to be capable even of this im- 
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, | 5 
| Book IX. perfect cryſtallization, To determine,—whether the li. 


Lanny 4 UT be fit to be taken from the laſt boiler to be finally 
cooled, —it is neceſſary to take out a portion from the 
boiler, and try, ſeparately, whether it does not ſeparate 

into granulated ſugar and melaſſes. | 
104 From the cooler, the ſugar is removed to the curing. 

Separation 

of the Sugar houſe. This is a ſpacious, airy building. It is provided 

— vw with a capacious ciſtern for the reception of melaſſes, 

| and, over the ciſtern, is erected a frame of ſtrong joiſt- 
work, unfilled and uncovered. Empty hogſheads, open 
at the head, bored in the bottom with a few holes, and 
having a ſtalk of a plantain leaf thruſt through each of 
ſtzhe holes, while it riſes at the ſame time, through the in- 
ſide of the - hogſhead, are diſpoſed upon the frames, 
The maſs of ſaccharine matter from the coolers is put 
into theſe hogſheads. The melaſſes drip into the ciſtern 
tbrough the ſpongy plantane-ſtalks in the holes. With- 
in the ſpace of three weeks, the melaſſes are ſufficiently 
- drained off; and the ſugar remains dry. By this proceſs, 
- 3+ is, at laſt, brought into the ſtate of what is called mu/- 
- covado or raw ſugar. This is the general proceſs in the 
+ Britiſh Weſt Indies. In this ſtate, our Weſt India ſugar 
is imported into Britain, The formation of Leaves of 
N lite Sugar, is a ſubſequent proceſs. | 
11. In the French Weſt India Iſles, it has long been cuſ- 
n= 4_ * tomary—to perform the laſt part of this train of proceſſes, 
in a manner ſomewhat different, and which affords the 
ſugar in a ſtate of greater purity, This preparation, 
taking the ſugar from 'the cooler, then puts it, not into 
hogſheads with holes in the bottom, as above,—but into 
conical ots, each of which has, at its bottom, a hole half 
an inch in diameter, ma is, in the commencement of the 
0 procels, 


proceſs, ſtopped with a plug. After remaining, ſome Boos: IX-- 
time, in the pot, the ſugar becomes perfectly cool amd ame 
fixed. The plug is, then, removed out of the hole; he 
pot is placed over a large jar; and the melaſſes are ſuf- 
fered to drip away from it. After as much of the me- 
laſſes as will eaſily run off, has been, thus, drained away; 
the ſurface of the ſugar in the jar, is covered with a 
ſtratum of fine clay; and water is poured upon the clay. 
The water oozing gently through the pores of the clay, 
pervades the whole maſs of the ſugar, rediſſolves the me- 
laſſes ſtill remaining in it, with ſome part of the ſugar 
itſelf, and carrying theſe off by the hole in the bottom of 
the pot, renders that which reſiſts this ſolution much 
purer than the Miſcovado ſugar, made in the Engliſh, 
way. The ſugar prepared in this manner, is called 
Clayed Sugar. It is ſold for a higher price, in the Eu- 
ropean markets, than the Muſcovado ſugar, But, there 
is a loſs of ſugar in the proceſs by Claying, which deters 
the Britiſh planters from adopting this * ſo ne 
rally as do the French. 

The'raw ſugars are ſtill cinta and debaſed 1 me 
a mixture of acid, carbonaceous.matter, oil, and colour-Baking of 


. White Su- 
ing reſin. To free them from theſe, is the buſineſs of 8 
the European Sugar. bakers. A new ſolution; clarifica- 4 


tion with alkaline ſubſtances fitted to attract away the 
ou, acid, and other contaminating matters; ſlow evapo- 
ration; and a final cooling in ſuitable moulds ;-are the. 
proceſſes which, at laſt, produce loaves of white ſugar. 

The melaſſes being nothing elſe but a very impure re- z. 
fuſe of the ſugar from which they drip, are ſuſceptible of! WEI ny 
being employed in a new ebullition by which a ſecond che Melaſſes 
quantity of ſugar may be obtained from them. 
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Chemical Arts. 


The remainder of the melaſſes is employed to yield Run 
y diſtillation. In Rum, alcohol is mixed with oil, water, 
oxalic acid, and a mixture of empyreumatic matter. 

The French prepare from the mixture of melaſſes with 
water, a ſpecies of wine, of good quality. In its prepara. 
tion, the ſolution is brought into fermentation,—then 
paſſed through ſtrainers to purify it. then put in caſks,— 
after clearing itſelf in theſe, transferred into others, in 
which it is to be preſerved for future uſe. 

The ratio of theſe proceſſes, is extremely beautiful. 
They are all directed to purify the ſugar from contami- 
nating mixtures, and to reduce it into that ſtate of dry- 


neſs orcryſtalization, in which it is ſuſceptible of being 


the moſt conveniently preſerved for agreeable uſe. The 
heat in general acts both mechanically to effect a ſufficient 
diſſolution of the aggregation of the paris of the cane- 
juice, —and chemically to produce in it, new combina- 
tions into which Caloric muſt enter, as an ingredient. 
The ft gentle heat, is intended, chiefly to operate with a 
mechanical influence,—raiſing to the ſurface, impurities 
which are more conveniently removeable by ſkimming, 
than by any other means. A gentle, not a violent heat, 
is, in this inſtance, employed ; becauſe a violent heat 
would produce empyreumatic ſalts, the production of 
which, is to be carefully avoided. A boiling heat, is in 
the continuation of the proceſſes, made uſe of. becauſe, 
after the firſt impurities have been ſkimmed off, contami- 
nating empyreumatic ſalts are leſs readily formed,—be- 
cauſe a boiling heat is neceſſary to effect a complete de- 
velopement of all the parts of the faccharine matter,— 

and becauſe the gradual concentration of the ſugar is, by 


ſuch a heat, to be beſt accompliſhed Lime is employed 
Becauſe 


. Üwpö ma 7 © 
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Sugar. 


brcauſe it has a ſtronger affinity than Sugar, with all the Bron IN. 


contaminating matters,—and particularly, becauſe it at- a 


tracts into a neutral combination, that exceſs of oxalic 
acid which is apt to exiſt in the ſaccharine ſolution. 
$timming removes the new ſalts which the moſt eafily 
aſſume a ſolid form. The dripping carries away a mix- 
ture of water, oil, earth, ſugar, from the cryſtallized ſugar : 
for, in all our cryſtallizations, we can never perform the 
proceſs, in the great way, with ſuch nicety as to preſerve 
it free from an inequality of proportions, that muſt ne- 
ceſſarily occaſion a reſiduum. Repeated ſolution, clarifi- 
cation, evaporation are requiſite to produce pure white 
ſugar from the brown and raw ſugars : becauſe the com- 
plete purification of this matter from acid and colouring 
matter, is an operation of great difficulty, and not to be 
finally completed without proceſſes longer than can be 
conveniently performed, at the firſt, upon the Sugar 
plantation. | 


From vegetables of European growth, Sugar is not to 25 i 


of Sugar 
firſt induced in them, —or unleſs they have been pene- 2 


trated by intenſe froſt, Germination or thorough freez- — 


be eaſily obtained, unleſs the proceſs of germination be 


ing develope ſugar in all vegetables in which it principles 
of Hydrogen and Carbon, with a ſmall proportion of 
Oxygen, exiſt in any conſiderable plenty. It is not im- 
probable but that, if penetration by a freezing cold might 
be commanded at pleaſure, with ſufficient cheapneſs,—it 
would enable us to obtain ſaccharine matter, in a 
large proportion, from a variety of ſubſtances from which 
even Germination does not yield it in ſufficient quantity. 
In the Sugar beet and ſome other European vegetables, 
Sugar is naturally formed by the functions of vegetation, 
to 
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2 N. perfect combination. From theſe, the ſugar is ob- 


— tained by raſping down the vegetable, —extraQting by 
water its ſaccharine juice, —evaporating the water charged 
with the juice, to the confiſtency of ſyrup,—clarifying, 


purifying, and cryſtallizing it, —juſt in the fame manner as 


Sugar from the Sugar-cane. 
; P — 
& VIII. 
Brewing. 


1. Tux proceſs of preparing Sugar, is partly natural, | 
——_— partly artificial. Nature produces it by the functions of 
Brewing vegetation ; It teaches alſo to produce Sugar, —by com- 
Production manding a commencement of the train of vegetative pro- 
ti ceſſes, —and by ſubjecting certain vegetables to the pene- 
rating action of froſt. It is in either caſe, a ſort of fer- 
mentation; for it is attended with the evolution and 
abſorption of gaſes; and what is fermentation, but a 
change in the order of the compoſition of matters animal 
or vegetable, by the evolution of gaſes At is the buſineſs 
of BREWING. to produce from the decompoſition of ſac- 
charine matter, by a ſecond fermentation, a new ſubſtance 
named Alcohol, which in a certain mixture with carbonic 
acid, water, refin, and aroma, ſhall yield a nouriſhing, 
exhilarating, intoxicating, agreeable liquor. The pro- 
ee ſſes of—developing ſaccharine matter—and BREWING 
: 0 = | . R | | WP ale 


Brewing. 571 


ale, follow naturally, one after another. Both are pro- Boox Uf. 
perly ſpeaking fermenting proceſſes. — 
Grains, ſuch as Oats, and eſpecially barley, are the ma- 
terials from which ale and beer, are, in this country, On" 
uſually brewed, - * ; ing. 
The f proceſs—is—that of Mn Tei is per- * 
formed—by expoſing the cleaned grain to the moiſ- 
ture and heat requiſite to induce germination,—and 
ſtopping the proceſs of germination, as ſoon as it has 
fairly commenced—by means of a drying, evaporating 
heat-,—The grain is firſt thoroughly ſoaked in water, in 
a ciſtern. It is then expoſed on a floor, on which it 1s 
to be frequently turned, till the germination appear. It 
is, then, removed, to be dried on the kiln. If left too 
long in the water,—it will paſs, rapidly, on, into putrid 
fermentation. If not carefully turned on the floor, after 
it has been taken from the water ; it will be apt to proceed 
either to putrefaction, or to a degree of germination, by 
which the developed, ſaccharine matter may be conſumed. 
In the drying of malt, very nice care is requiſite to effet— 
juſt that evaporation of its water, which can alone fit it to 
be preſerved for uſe, —without occaſioning a deſtruction of 
the ſaccharine matter. For ALE, the malt is without any 
deſtruction of the ſugar, farina, or gluten : For Pox TER, 
| the drying is managed fo as to produce an exceſs of un- 
combined, carbonaceous matter, by the expulſion of a 
larger proportion of the hydrogen and azote with the 
water, It is a matter of extraordinary trouble and diffi- 
culty, to dry the malt- ſo as to obtain that Gamer exceſs 
of developed carbon, which is wanted. 
Ihe Mali thus prepared, may be preſerved, in pid | 
warmth and drynefs, till it ſhall be wanted in BREWING, 
A few 
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$72 | Chemical Arts. 


Book in; A few days before it io to be aftually infulod in that which 
Seer. IVV. ig called the maſh-ub, let it be ground in the mill. lt 
4. ground at this diſtance of time before the BREWING, and 
2-0 then preſerved dry ; it will more -caſily give out all its 
—— matter, in che inſuſion in which it is to 
. be uſed. 


8. It is, in the commencement of the BREwWINo, to be 


eur put into che maſh-tub ; a veſſel in which the ſaccharine 


Wort. matter is to be extracted from the malt by means of 
Z3Baoiling Water, poured upon it, left ſome time in mixture 
with it, at laſt conducted away with the ſaccharine and 
fermentible matter which it has taken up. The water 
ſhould be running water, boiled, as well to free it from 
impurities, as to bring it into that temperature in which 
it is fitteſt to accompliſh the purpoſes of the infuſion. 
Tbe water is, firſt, to be put into the maſh-rub. After its 
firſt, violent evaporation has ceaſed ; it is, then, time to 
put in the malt. The maſi ſhould ſtand, from one to two 
hours, before the liquor of the infuſion be drawn off. 4 
taft-vaſe, or rather a falſe bottom with holes, is uſed in 
the ma/h-tub, to free the liquor from the groſſer impu- 
rities, as it adyances toward the Cock by which it is to 

be drawn off. | 
6. The Liquor now receives the name of Mort. In order 
— _ to carry off a part of the water, to perfect the evolution 
of the ſaccharine matter, to mix the ingredients in the ſo- 
lution more thoroughly together, and to drive away a 
part of the impurities from the infuſion, —it is to be, for a 
while, carefully boiled in a proper veſſel. The boiling 
ſhould be performed with a briſk, vigorous fire. It 
needs not to be continued for more than the ſpace of 
an how. 


From 


Brewing. 


preſs uſe. Theſe ſhould be ſuch, that as large 
poſſible of the WoRT, may be expoſed, at once, to the 


open air. It is of conſequence, that the cooling be rather 


rapid than flow. 

From the coolers, the WorT is transferred to the 
 werking-tub, If the Mort be perfectly cool, it may be poured 
into the working-tub, in a pretty ſtrong ſtream. If otherwiſe, 
let it dribble lowly from the cooler to the working - tub. 
The YEAST is to be added, in order to excite the vinows 


$73 
From ebullition in the Copper, the Wort is to be con- —— _ 
veyed into veſſels in which it may cool. In Brew-houſes, « 2 
there ſhould be two large coolers, appropriated to this ex- 


Cooling of 
a ſurface as . Wen. 


Excitement 


fermentation, as ſoon as the WoRT has been transferred of the vi- 
| into the working-tub. Add it gradually, and in ſmall anti 


portions, in order that the vinous fermentation may be, at 
firſt, gently excited, and may gradually rife to work with 
its full energy. It is good to ſtir the Liquor in the 
working-tub, when each new addition of yeaſt is made. 
The working istobe continued, till the vinous fermentation 
ſhall appear to have thoroughly pervaded the whole maſs 
of Liquor,—but not till the Yeafty matter ſhall fall to the 
bottom. | g 0 

Hoſis are added to the Ale or Beer, —becauſe they afford 


3 


a reſinous, aromatic matter, which is requiſite to correct Hops, 


inſipidity and ſweetneſs, and to render the liquor capable of 
preſervation for a due length of time. The beſt eps are 
of a fine green colour, have a ſtrong ſcent, ſtick to the 
fingers when rubbed, and have the ſeeds full and yellow. 


It is uſual to add 4 lb. of hops to the Ale, for every buſhel 


of malt. It is, in Britain, prohibited by Law, to uſe any 
other ſubſtance, in brewing, as a ſubſtitute for hops.— 
Ten gallons of good Ale, may be brewed from one buſhd 


of malt. As hops ſerve to prevent the coming on of 
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| | | $74 - ' Chemical Arts; 
: | gen, 1X. the Acetous Fermentation; it is thought a good practice 


Ys to add a ſmall portion of new hops to beer in the barrel, 
Juſt when the barrel is about to be tapped. 
1 After the proceſs of fermentation has been completed, 
of Ale. after the hops have been added for the embittering and 
preſervation of the Liquor; that liquor is, then, to be 
drawn off, into barrels. Theſe ought to be exceedingly 
clean, well · ſeaſoned, and in ſuch a ſtate, that they may 
communicate no contaminating matter, to alter the beer 
or ale. The cellar, in which they are to be depoſited, 
ſhonld be clean and gelid. The barrels ſhould be ſo 
cloſe as not readily to ſuffer the eſcape of either alcohol 
or carbonic acid. If there be a ſtrength of alcohol, and 
of reſinous, aromatic, and perhaps bituminated matter, 
ſufficient to reſiſt the tendency to acetous fermentation,— 
if the liquor be pure from that mixture which might even 
produce a tendency to putrefactive fermentation,—if all 
acceſs of airs from without, and all eſcape of gaſes from 
within, can be prevented, —and if it be kept in a tempera- 
ture which has no power to develope new gaſes within 
the barrels ;—then, may this Liquor be preſerved for an 
indefinite length of time : and the longer it is preſerved, 
* ſo much the better it will {till become; becauſe, ſo much 
the more perfect muſt the combination of its principles ſtill 
be rendered. | ; 
11. Porters, Ales, Beers of different qualities and different 
—— characters, are, all, produced by differences of the ingre- 
dients, of the water, of the malting, of the management 
of the infuſion, of the conduct, of the fermentation, of 
the addition of hops, of the depoſiting in the barrels, of 
the preſervation in the cellars, of the management after 


| tapping, &c. 5 


r 


* ng — = a5 a 2 >. 
—— 2 93 2 
* - x n — 

* 


* „ 
88 
*s : * « x 2 J 


x5 
Pay 
* 


* 


. 
+4 
1 
1 
4 
> 
4 


The 


"—_— 


The Ratio of Malting and FRY deſerves particular Boox IX. 
notice, In Malting, we produce by means of germina g FI 
tion, a change in the union of the principles of the grain, os 
by which the ſaccharine combination is formed in it. _— —. 
Drying the malt on the kiln, we not only drive off a por- Benin 
tion of water, but alſo procure, in conſequence, a ſort of 
developement of carbonic matter. The water to be uſed 

in the infuſion, muſt be pure,—otherwiſe its Hlts would 

both hurt the infuſion, and otherwiſe injure the taſte of 

the Ale. Infuſion is employed to extract the ſaccharine 

matter, with whatever other ſolution or mucilage is to be 

obtained from the malt. We uſe het not cold water be- 

cauſe heat is neceſſary both to the mechanical deſtruc- 

tion of the aggregation, and to the chemical changes which 

are now wanted. The Liquor from the infuſion, is to be 

boiled, —that the mixture and combinations of its minute 

particles, may be more complete, and more uniformly the 

ſame in every part. Yeaft is employed to favour the com- 
mencement of the vinous. fermentation, juſt in the fame 

manner as burning coals are neceſſarily uſed to kindle a 

fire with combuſtible ſubſtances, and juſt as contagious 

matter induces diſeaſe in the human body. It contains a 
condenſation of matter in a ſtate of fermentation. | Ihe 
vinous fermentation produces/a new compoſition of alcohol 

which did not, before, exiſt here, ' otherwiſe than in id 
elements, and an evolution of carbonic acid from the de- 
compoſition of the ſaccharine matter of Wox r. The 

alco/iol 18 produced by the reciprocal decompoſition of the 

Water and Sugar of the Wokr; in which procels, - 

while part of the oxygen of the water joius with the 
carbon diſengaged from the Sugar, and in the form af 
carbonic 


” eng ens 


9 reren 2 


ö 


n 


— — — 


=_ 
_- - 
o 8 - ＋ = 


2 by — 4 
9 9 0 8 my . , "= * "a . 
> — 1 4 n 1 = 
: i — 9 > 
— r —— — 


— —_— 


— — 


„ 
— 


4 D 8 — DI * 8 W 0 1 
> ö 5 » 
N 2 P 
by Ow — 3 [hd - N — 


576 Chemical Aris. 


Boox IX, carbonic acid, bubbles up. the reſt of the oxygen of 
_— the water and ſugar, of the carbon of the ſugar, with the 
© hydrogen of both the water and the ſugar, unite in the 
formation of the Alcohol. Alcohol, we muſt remember, is 
a combination of a large proportion of hydrogen with 
carhon, and oxygen. When -as much alcohol is formed 
as the fluid mixture can, in its preſent ſtate, afford, and a 
proportiomfate quantity of carbonic acid diſengaged ; the 
Ale, beer, or porter, then attains the beſt perfection of 
which it is. fuſceptible by any means, fave the depoſi- 
tion or other alteration of the mucilaginous and empy- 
reumatic matters contaminating it, and the thorough im- 
pregnation of its water with the alcohol, carbonic-acid, 
and aſtringent matter which are its beſt ingredients. He; 
are added to take away the exceſs of ſweetneſs from the 
undecompoſed, ſaccharine matter,—and to preſerve by 
means of their reſin and aroma, the ale or beer from too 
haſty decompoſition. In Small Beer, the proportion of 
ſaccharine matter, and by conſequence of alcohol, is very 
ſmall. The decompoſitions which take place in its fer- 
mentation, produce much more of carbonic acid, than of 
alcohol. It has, therefore, a great tendency to become 
vapid by giving out its carbonic acid, and even alcohol, 
or from a deficiency of alcohol and carbonic acid, to pro- 
ceed, too haſtily, into a ſtate of acid or acetous fermenta- 
tion. It is better, that the ale or beer ſhould be put into 
the barrel before its ſaccharine matter be wholly decom- 

poſed by the vinous fermentation. Too much of the 
alcohol and carbonic acid might otherwiſe eſcape into the 
atmoſphere. And, befides, the whole brewing would be 
deficient in that which is called Body. A cool cellar i 
5 neceſſary 
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Brewing. 


neceſſary for the pieſervatiomof your Ale or Beer, be- 


$77 


Book IX. 


Sgr. IV, 


cauſe, as is well known, any conſiderable heat would tend 


to produce the Acid fermentation, even in Liquor of con- 
fiderable ſtrength. Cloſe veſſels, and great care in tranſ- 
ferring it from one to another, are neceſſary ; becauſe its 
volatile parts hav continual tendency to eſcape into the 
air, leaving only the water with other remains of a fixed 
nature, —Preſervation for as long as you can keep the vo- 
latile parts from eſcaping, is generally improving to malt 
liquors ; becauſe it is only thus, that the moſt perfect in- 
timacy of mixture- and combination in all their minuter 
elementary parts, can, with certainty, take place, 

The ſireſiaration of Wines from grapes, is a proceſs not 
exceedingly different from that of brewing ale and beer 
from malt. The grapes ſhould be taken in that ſtate in 
which the developement of their Sugar is the moſt com- 
plete. They ſhould be freed, as much as pqſſible, from 
exceſs of aqueous and acid matter. Preſſure gives the 
ſaccharine liquor with which they are filled. It often 
contains alſo, a mixture of alkali, of iron, of acids. Fer- 
mentation developes its alcohol. The iron, alkaline, 


and aromatic, and reſinous matters, which it naturally con- 


tains, take away the neceſſity for the uſe of hops. Long 
preſervation in ſufficient cold, and ſo as not to permit the 
eſcape of its volatile parts, brings it to full perfection. 
A conſiderable proportion of ſaccharine matter remains, 
in ſome wines, undecompoſed, to the laſt. The common 
wines are compounds of water, ſugar, alcohol, acid, re- 
ſin, aroma, and more or leſs of alkali. 

Gooſeberries, currants, oranges, &c. are capable of af. 
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fording wines, by due preparation. The preparation con- common 
liſts in forming from them, a faccharine ſolution, ſubject- IND 
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Y Book IX. . ing that ſolution to vinous fermentation, and, after the fer« 
or. IV. 

— mentation, preſerving the liquor to due maturity. "Theſe 
fruits have geuerally exceſs of acid, and are deficient in 
reſin and ſugar. Sugar is largely added in the prepara- 
tion of the wines. The deficiency of refin' and aroma, 
cannot be, ſo eaſily, well ſupplied, ® 

ca Aſiiles, fears, honey afford, alſo, liquors participating in 

1 the qualities of ale and wine. Iheſe liquors are all pro- 

duced, like the former, by the preparation of a ſaccharine 

fluid mixture, the bringing of it into vinous fermentation, 
the ſtopping in due time, of the progreſs of that fermenta- 
tion, and the preſervation of the liquor till its parts are duely 
intermingled, and its ſolidifiable impurities are depoſited. 
The liquors prepared from theſe different ſubſtances, vary 
in taſte and flavour, according to the variation in their 
proportions of alcohol, reſin, acid, &c. All ſubſtances 
capable of affording ſaccharine matter, and of preſenting 
materials, to undergo vinous fermentation, are, by conſe- 
quence, capable to afford liquors of the nature of beer or 

1 It is often deſired to obtain ALcoHoL more in a ſepa- 

of ſpirits, rat rate ſtate, than as it preſents itſelf in beer or wine. This 
is accompliſhed by a proceſs of DISTILLATION from li- 
quor which has undergone the vinous fermentation. This 
diſtillation gives, in the receiver, the alcohol, as one of the 
moſt volatile parts of the vinous liquor. With the alco- 

hol, however, there are mixed other matters from the fer- 
mented liquor under diſtillation, or originating from an 
empyreumatic formation, during the proceſs. Mines at- 
ford brandies ; The fermented ſolution of melaſſes, affords 
rum: The fermented liquor from malt, yields what is called 


3 Mey. The alcohol DE diſtillation, from theſe 
p: | different 
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different liquors, is always far from being in ſufficient pu- 


rity. So many different ſubſtances are ſoluble in alco- 


hol, that this cannot eaſily be otherwiſe. There is al- 
ways, in the firſt diftillations, more or leſs of water inter- 
mingled with it: 1. contains often carbonated hydroge- 
nous gas, empyreumatic acids, ſuch as the pyro-mucous 
and the pyro-tartareous, oil, carbon, &c.: And it is apt 
to be contaminated, even with various other matters. In 
order to obtain alcohol as pure as poſſible, it is proper to 
diſtill it from ſuch fermented liquors, as contain the 
feweſt other matters beſide the alcohol and water,—as 
well as to manage the diſtillation in ſuch a manner, that 
as ſmall a proportion as poſhble, of new empyreumatic 
ſalts, may be formed while it proceeds. All the alcohol 
which is in common uſe as a ſpiritous liquor, is vari- 
ouſly contaminated. The uſe of that which contains 
much of empyreumatic acid, of carbonated, or of bitumi- 
nated gas, is apt to prove exceedingly noxious. After 
uling a proper fermented liquor, —and diſtilling it cau- 
tiouſly,—the next thing requiſite, in order to have good 
ſpirits or alcohol, —is, to preſerve that ſpirit long in a 
ſtate, in which the alcohol may not evaporate,—and the 
contaminations may be depoſited. Nothing can have a 
greater tendency to produce noxious ſpirits, than too 
haſty diſtillation, by too great violence of fire, from mat- 
ters in which the alcohol is but imperfectly formed. 
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Book IX, | 
Scr. IV. 
WI 
IX, 
The Tanning of Leather. 
Object 3 Tanning of Leather is an eminently curious and 


the Art of uſeful Art. Its object is, —to communicate to certain 
. ſulſtances, an artificial durability, that tall ref, 
even under extraordinary violence and exfuſure, and witl- 
out a mechanical deſtruction of the organic texture, thetr na- 
tural tendency to be chemically decompraſed as ſoon as th 
fireſerving frower of Vitality, has ceaſed, It is an art of 
infinite utility. It provides us with ſhoes, boots, breeches, | 
ſaddles, coaches, harneſſes, and with a great multiplicity 
of other articles of the moſt uſeful convenience, and the 
moſt elegant decoration, 
8 The ſkins of animals, — whether fowls, fiſhes, or crea« 
| tendencies tures living on the dry ſurface of the earth, - combine 
— by pliability with durability, in a very conſiderable degree, 
But, when animal life has ceaſed to continue the changes 
which went on in them; they tend to a putrefactive fer- 
mentation; in which their azote and other naturally ga- 
-.. zifiable principles being evolved; they muſt, of courſe, 
undergo a complete chemical diſſolution. In order to fit 
them for the beſt human uſes ; their tendency to putre- | 
faction is to be ſtopped in its firſt progreſs. This i 
what the Art of Tanning performs. 
"a Mp In this Art, it is the firſt object, to free the ſkins from 
of Hides for the hair and from the reſt of that exterior matter on hotl 
Tuning. ſides, which, either could not be eaſily preſerved with the 
reſt would hinder the proper dreſſing of the reſt,—0r 
would 
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would be uſeleſs, if it could even be conveniently dreſſed nean r. 
and preſerved. This is effected by ſuffering the com- of 
mencement of putrid fermentation, to approach, in the 

hide, ſcraping off the hair and other outward parts of 

which the conſiſtency begins to be deſtroyed, and work- 

ing on the ſides of the! hide with the edge of a knife, ſo as 

to open its texture to the full influence of the proceſſes 

which are to ſucceed. 5 r 

The uſe of an aluminous ſolution ſolely, —ſulfhate of alu- 888 
mine, —is ſufficient to give to hides which it has tho- in Tanning. 
roughly penetrated, a toughneſs, pliability, and durability 
above what they naturally poſſeſs. "Leather prepared ſim- 
ply with alum, is ſufficiently fit for many uſes in which 
it is not to be particularly expoſed to moiſture. Even 
drying is, alone, ſufficient to preſerve hides from the pu- 
trefactive fermentation, but not to give the pliability and 
durability which are neceſſary to fit them for convenient 
uſe. It is the nature-of aluminous earth, and of the ſalts 
into which it enters, to be diſſolved by water, - though al- 
luminous earth itſelf be, on the other hand, liable, even to 
an extraordinary degree, to be hardened and diminiſhed 
in its bulk, and made more obſtinately tenacious, by the 
action of fire. | 

Lime, on account of its tendency to promote, in cer- ſe & 
tain circumſtances, the putrefactive diſſolution of animal Lime. 
matters, is fit to be employed for the purpoſe of haſten- 
ing the incipient deſtruCtion of thoſe parts at the ſurfaces 
of the hide, which are removed, in order that the reſt of 
it may be prepared for preſervation and uſe. 

After all is removed, but the proper, coriaceous texture 8 of 
of the hide,—the hide itſelf is a compound of carbon, hy-the cleancd 
drogen, and azote, with perhaps ſome little oxygen; and hide. 

OQos | it 
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= Ir it exhibits theſe ingredients united in peculiar proportions, 


0 and wraught by the organic functions of Animal Life, 


into a particular, uniform, preſervable texture. 

5 1 The only effectual means for the preſervation of thi 

atters of 

the ſame - texture, as well when it is attacked by moderate heat, as 

— to under the action of water, conſiſt, in penetrating its ſub- 

Laa. ſtance without deſtroying its texture, with matters com- 
pounded of the ſame elements, as itſelf, but much lef 
eaſily deſtructible. Alum and other ſaline matters of 
elements different from its own, are inſufficient to ac- 
compliſh this end, of W they may be 
made to contribute to it. 


* 8. The ſubſtances which poſſeſs, in the elt eminent 
— degree, the power of preſerving hides under every diver- 


* Tagning, ſity of uſe, without diminution of their natural texture 
and flexibility, are, more eſpecially, the Acids with baſes 
of hydrogen and carbon, ſuch as the Gallic Acid, the 
Cortic Acid, the Lignic Acid, and even the empyreumatic 


Acids. The oxygenous part in the compoſition of theſe 


acids tends to make them of a penetrating aſtringent na- 


ture: But, as that oxygen is, already, ſaturated with hy- 


drogen and carbon in the acids; it cannot accomplith 
any decompoſition of the new hydro carbonous matter 
with which it is brought into contact. Even the hydro- 
carbonous part of the acids operates with a ſort of aſ- 
tringent power. The whole acid compoſition tends re- 
markably to penetrate the ſubſtance of hides to which it 
may be applied. It is, in the inſtance of the Gallic and the 
cortic acids, eaſily to be extracted by means of infuſion 
in water: And hence, it can de, without great Gffculty, 

apphcd to hides, 
| as 
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| Accordingly, barks, eſhecially that of oak,—are em- 
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ployed, in mixture with water, &c. in forming what 
the tanners call an ooze in which, kides previoully cleared _ 
from every excrementitious ſubſtance, and opened, n 


much as poſſible, by previous ſoaking in water, to the Tanning. 


| admiſſion of tanning matter,—are to be immerſed, for 
the purpoſe of thoroughly imbibing, in all their parts,— 
the cortic and gallic acids which are diffuſed from the 


barks. - The ſtrength of the coze in acid, the proper 
management of the matters and the temperature which 


are to aſſiſt its operation, the ſtate of the hide at the time 


when it is ſubmiited to the action of the ooze, the length 


of time, during which it remains under this action, are 
the circumſtances upon which perfect excellence of tan- 
ning, chiefly depends. It is a matter of uncommon nice- 
ty, to make the ooze juſt of its proper ſtrength. It is of 
great conſequence, to preſerve the proper temperature. 
The moſt important thing of all, is, to procure the com- 
plete penetration of the hide to its moſt intimate particles, 
by the particles of the tanning liquid. There is a certain 
nice proportion in which this is to be effected with the 
moſt uſeful conſequences. But, in that happy proportion, 
the object is ſcarcely ever attained. Tanning is, in this 
reſpect, almoſt always, either over-done or under-done. 
Moſt commonly it is ander-done. When over-done, the hide 
is apt to be converted into a dry, hard, bituminated matter. 
Moſt commoaly, the tanning is irregularly and unequally 
performed: The hides are not, in all parts thoroughly pe- 


netrated. One part is over-done,—another, under-done. 


Improvements in TANNING are frequently propoſed and 
tried, by which the proceſs is to be performed more quickly, 
than in the ordinary way. Few of theſe ever in any to- 

Oo 4 lerable 
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Boox IX. lerable degree ſucceed. Few of them ever can IN 
Szcr. IV 
Cn TANNING is a proceſs in which we imitate thoſe ſlow che. 
mical operations of Nature which produce the juices and 
ſolids of vegetable and animal bodies. The addition of 
the TANNING MATTER,—2s it were,—farticle by far. 
ticle,—to the matter of the hide, cannot poſſibly be ac- 
compliſhed, —vithout a dęſtruction of the texture of the 
hide, —otherwiſe than by the very long continued immer. 
ſion of the hide in the tanning liquid. This proceſs may 
be cheapened and improved; but it is ſo cheapened and 
improved only by the adopting of the uſe of new ſub- 
ſtances which can afford the tanning acids,—by the uſe 
of intermedia which ſhall more effectually fix thoſe acids 
in the hides, —by the better preparation of the oe. 
by the better management of temperature,—by the better 
ſecuring of the tanning matters from being diſturbed and 
waſted in the proceſs, — by the better dreſſing of the 
leather, after it comes from the tan-pit,—ſcarcely, if at all 
by any quicker proceſs of penetrating the hide with the 
tanning matter, without a deſtruction of the texture of the. 
hide. 
* » Wah But, as the action of the tanning acids, and the land in in 
in the ma- which they are applied, might operate with too powerful a 
—2— * conſtringency, on the hides which they are to convert 
into Leather; it becomes neceſſary to employ, alſo, other 
ſubſtances, ſuch as animal oils, in order both to confirm 
the preſerving power of the aſtringent acids, to improve 
the ſoftneſs and flexibility of the Leather, and, in ſome 
meaſure, to thicken and encreaſe its ſubſtance. 
The whole proceſſes, mechanical and chemical, ot 
preparing Leather from hides, are performed by the tan- 
ner, and the carrier. In that lighter dreſſing of 3 
| "0 
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which furniſhes the materials for gloves, they are rather Boon 2 = 
' ſkinners than tanners who are employed, according to the 
differences of denomination prevalent in different parts of |. * 
the country. The lighter ſkins, ſuch as thoſe of goats, — 
of ſheep, of kids, of lambs, are uſed for gloves. The purpoſes. 
ſkins of ſwine are dreſſed for ſaddles. The ſkins of 
calves, of dogs, of ſeals, of horſes, of oxen, are uſed for 
boots and ſhoes, The leather of the hides of oxen, is that 
which is the moſt commonly applied, whenever there is 
any want for extraordinary durability and ſtrength. 
The minute detail of the practices of the Art of Tanning, Ratio ue 
cannot be here given. Its ends are,—to reſiſt the putre- Tanning. 
factiye proceſs in the animal ſubſtance of the Hide, to 
render its ſtructure at once more flexible, and leſs eaſil) 
deſtructible by mechanical means;—It performs this by 
the addition of acids with hydro-carbonous baſes, and 'of 
oils, compounds of hydrogen and carbon. Theſe form 
with the ſubſtance . of the hides, new chemical com- 
pounds, ſuch as are not to be readily decompounded by 
that ordinary action of air, heat, and -moiſture, to which: 
Leather is expoſed, in the wearing. | 
LEATHER is ſuſceptible of being coloured, at leaſt ſu- colouring 
perficially, by the ſame colouring- ſubſtances which are of Leather. 
uſed to dye cloths. 
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6 X. 
Culinary Arts. 


3 N. preparation of food for human uſe in tlie kitchen, 
— is almoſt entirely chemical. Infuſing, roaſting, boiling, 
mical, baking, dilutions, thickenings, mixtures, with the prepa- 

ration of ſauces and mixtures, are, all, intended to produce, 
in our food, new convenience and falutarineſs of digeſtion 
for the ſtomach, new diverſities of agreeable taſtes to the 
Palate, an agreeable. change of appearance to the eye, 
which are to be effected ſolely by chemical means. 

2. In all the different operations of cookery, much im- 
Copen. ptovement might be made, if it were poſſible to have 
avic by, cook, who to the knowledge of their own Art, could adi 

' fome ſhare of chemical ſcience. By this, they would be 
taught to avoid much waſte which now unneceſſarily 
takes place in the preparation of the diſhes. for every 
ſumptuous table. Much uſeleſs toil might be likewilc 
prevented to them; and a mighty reformation would be 

- gradually produced in the receipts of the books of cookery. 

In roaſting and boiling, —how often are the beſt pieces of 
animal food, at preſent, waſted, —and how often are ar- 
ticles of nouriſhment rendered leſs ſalutary and lefs nyri- 
tious than they would otherwiſe be, by thoſe very means 
which are ſuppoſed neceſſary to fit them for human uſe! 
In the preparation of ſauces, pickles, and gravies, much 
improvement might be made by a due application of che- 
mical Kill. The articles might be prepared, more 

W | X cheap!y, 
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heaply, ſo as never to be noxious, and to be always both Book IX. 
Szcr, IV. 


wholeſome and agreeable. k end 

In the baking of bread, an improvement 3 cecono-—- z. 
mical and ſalutary, may be effected by chemical attention. — — 
Aaote is one of the principal elements of the fibrous fleſh — by 
and blood of animals. In vegetables, this pt incihle is 
ſcanty : And hence, are vegetables, alone, inſufficĩent for 
the plentiful and and vigorous nouriſhment of the animu 
body. But, among thoſe vegetables that do contain azqte, 
wheat is one in which it exiſts in the largeſt proportion. 

It exiſts in the dark coloured gluten of the wheat. That 

S oluten,—in order to render our bread as white as poſſible, 

—it is uſual, in London, and other parts of Britain, to 

clear away from our flour for bread, in much too large a . 
proportion. Now, a juſt chemical knowledge in thoſe 

who prepare and thoſe who are to uſe this bread, would 

teach us, that, the portion of the wheat, which, on ac- 

count of its darkneſs of colour, we the moſt eagerly reject 

from our bread, —is,—becauſe it contains the moſt azote, 

more wholeſomely nutritious, than that part which we 

prefer. Inſtead of white bread, owing its whiteneſs in 

part to improper mixtures of alum and chalk, we ſhould, 
univerſally prefer a browner bread, containing a good 

portion of that which is now rejected in bran. How . 
much, in years of ſcarcity, this would contribute to hinder 

the enhancement of that ſcarcity by waſte,—it is not ne- 

ceſſary, here to relate. 

The economy of fewel is particularly connected with nt 
the exerciſe of the Culinary Arts. In ſuch a country as of fewel 
Britain, fuel is an article of the moſt important, primary 
neceſſity. It is continually wanted in every houſe. It is 
not 
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not to be procured without great labour and expence. T5 
accompliſh thoſe culinary purpoſes, for which it is em- 
ployed, with the ſmalleſt poſſible waſte of it, is, in the 
higheſt degree, jmportant. The knowledge of the manner 
in which fewel contributes to maintain heat and flame, of 


the decompoſition of air in combuſtion, and the precipita. 


tion of oxygen into the fuel that is burnt, of the poſſibility 
of atigmenting or diminiſhing the force of fire, by varying 
the quantities of air to the acceſs of which it is expoſed, — 


is neceſſary, to enable us to regulate our common do- 


meſtic fires in a manner at once the moſt ceconomical 
and the moſt uſeful. The ſuggeſtions of the very ingenious 
Count RUMFoRD, afford the moſt ſatis factory evidence of 
the truth of this aſſertion. Partly by ingenious invention, 
and in part from the obſervation of the conſtruction of 
ſtoves and fire places on the Continent, he has been enabled 


to preſent a plan for a chimney, by which the heat excited 


in burning, is, in a very extraordinary proportion, thrown 
out, from the chimney, into the apartment to be heated; 
while the air is made to act with ſo much more of energy 
in exciting the violence of the fire, that, with the utmoſt 
cloſeneſs on all ſides of your room, you ſhall be able, with 
a very ſmall handful of pit-coal, to maintain a genial 
blazing fire in the chimney. It is, indeed, true, that the 
cloſeneſs of an apartment which is requiſite to procure al 
that ſaving of fewel, with that ſtrong diffuſion of heat, 


. which the ingenious and philanthropic Author of the 


plan has intended, would, probably, be very unfavourable 
to the health of the perſons living in it: as a conſtant, 
free flow of atmoſpheric air around perſons arrayed in 
comfortably warm cloathing, ſeems to be indiſpenſib 
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neceſſary to the preſervation of the health of the Animal Book 1x. 


(Economy. Nevertheleſs, the whole is an eminent proof, 
that the beſt advantages may be derived from the chemi- 
cal regulation of our common applications of fire. Even 
that indiſpenſible requiſite to the comfortableneſs of any 
domeſtic apartment, the clear conveyance away of the 
ſmoke, is not to be obtained without a chemical attention to 
the relations between fewel, ſmoke, and the air of the at- 
moſphere. It is indeed by a knowledge of the laws of 
gravity as affecting the atmoſphere, that the moſt is to be 
done towards this end. But, without an attention to 


the chemical differences between hot and cold air, all our 


merely mechanical pneumatics could be, here, compara- 
tively, but of little uſe. 


The freſervation of Animal and vegetable ſubſtances by , 5: 
means of ſalts, for future uſe, is wholly a chemical pro- ion of 


ceſs. The principle of it is, to penetrate or inveſt thoſe 
ſubſtances with bodies the preſence of which ſhall prevent 
that putrefactive fermentation which would otherwiſe na- 
turally come on in them. Muriate of Soda and Nitrate 
ef foraſh are the ſalts, the moſt commonly in uſe for the 
preſerving of beef, mutton, and other forts of animal 
food. The Animal matters, duly ſaturated with the neutral 
ſalt, become incapable of attracting from the atmoſphere, 
or from the water which may accompany them, that ga- 
zeous matter which is required to their putrid decompoſi- 
tion. The ſaline mixture, too, reſiſts that action of heat 
which would otherwiſe effect a—partly mechanical, — 
partly chemical diſſolution of the hydrogen, carbon and 
azote of the animal ſubſtance. By both theſe actions, the 
animal matter is preſerved unaltered, and without any 
deſtruction of its nature as an aliment. Other falts, be- 

| | ſige 
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Sow =; fide 'thoſe which have been mentioned, are capable of 
w—— anſwering the ſame putpoſe—as to the preſervation of 
the animal matters But, there are ſcarcely any other 

ſalts which would not communicate a diſagreeableneſs of 

taſte, by which, the ſubſtances preſerved, would be ren- 

dered unfit for human uſe. Alcohol, reſiſting by itſelf, all 
decompoſition from the actions ordinary in air and water, 

is capable of effecting even for any length of time, the 
preſervation of animal ſubſtances immerſed in it. Indeed, 

all ſalts or ſpirits which have not naturally, any decom- 
poſing reaction with animal ſubſtances, and which are not 

_ themſelves ſpontaneouſly decompoſed by re- actions whe. 

ther with acceſs of air, or in cloſe veſſels, —all ſuch ſalu 

are capable of being uſefully employed for the preſervation 

of ſubſtances animal and vegetable. Prckles are formed by 

the conſervation of vegetable or animal ſubſtances, other. 

_ wiſe eaſily decompoſable, in acids and other ſaline mix- 
tures, not without the frequent addition of reſinous and 
aromatic matters. Much waſte might be ſpared,—aud a 
much better perfection of curing all ſorts of animal and 
vegetable food for preſervation, might be obtained, —if 

thoſe to whom the performance of theſe taſks com- 
monly falls, would duly ſtudy the principles of che- 
miſtry. 
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ToBACCo, a plant of America and the wel. an gt 
Iſles, has, for theſe two centuries, been uſed in every Tobacco. 


country of Europe, as an agreeable ſtimulus to the mouth, 
ſtomach, and ſalivary glands, and as a ſpecific remedy for 
a great variety of diſeaſes. The Spaniards, the firſt Eu- 
ropean conquerors of America, learned its uſe from the 
Indians. It was ſoon repreſented by them in Europe, as 
almoſt an univerſal remedy for all diſeaſe. The Great 
patronized its uſe, and eſtabliſhed a faſhion in its fayour. 
The oppoſition of ſome phyſicians, and the approbation of 
others, conſpired to give it celebrity. Its juice extracted 
in the mouth by chewing, its volatile efluvia taken into the 
ſtomach by /moaking, its aromatous parts applied to the 
organs of ſmelling in un, are ſtill, very generally and 
habitually uſed, without producing any very pernycious 
effects. A chemical preparation, ſubſequent to the culti- 
vation in the fields, is employed to fit tobacco for uſe, in 
whatever form. It cannot be ſaid that ſuch preparation 
15 at preſent regulated by any excellence of chemical {kill 
in the tobacconiſts. | 

ToBacco is cultivated, as an article ot vegetable crop, 


C 0 of 


not only in North and South America, but alſo in both Tobacco. 
Africa and Aſia, and, though not in Britain, in moſt coun-  . 


tries on the Continent of Europe. It ſprings from the 
ſeeds. The plants, while {till very young and flender, are 


tranſ- 
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Boos IX: tranſplanted from the field on which the ſeeds are ſown, t 


Chemical Arts *© 


SzcT. IV. 


WY another prepared to receive them. A ſhort time of increaſe 


Jo 
Chemical 
manufac- 
ture of to- 
bacco and 
fauff, 


Ll 


after they have been tranſplanted, brings them to the ful 
luxuriance of their growth They are cut, dried, ſtrippel 
from the fibres which interſect the leaf, made up in rolls 
bundles, ſegars, &c. and laid afide for uſe or exportation, 
This is, in general, the culture of tobacco, and its fr 
preparation. The preparation is chemical, only as it em- 
ploys drying, to remove the preſence of that moiſture which 
would occaſion the putrefactive decompoſition of the to- 
bacco leaves. In Europe, the preparation of the tobacco, 
is carried to a much greater length, and is accompanied 
with many chemical refinements. 
But, whether the tobacco be to be uſed in leaf prepared 
for chewing and ſmoaking, or in ſnuff, the preparation is 
in every caſe, reſolvable into a very few principal chemical 
acts. It is ſteeped in what the tobacconiſts and manufac- 
turers of ſnuff, call their ſauces : Theſe are ſo prepared, a 
to impregnate it with large additions of vinous, reſinous, 
aromatic and alkaline matters. It is often mixed with 
lime, alkali, &c. in powder ; mixtures which tend to ai 
the native ſtimulating power of the extract and the aroma 
of the tobacco. It is frequently coloured by the addition 
of logwood or other ſubſtances of colouring qualities. f 
is, after all this, to be preſerved in a ſituation where its 
volatile parts may not be loſt, till the ſecret and flow d- 
geſtion as it were of nature, ſhall have given that mellow- 
neſs of flavour and general nature, which no ſudden a. 


_ tificial proceſs of chemiſtry can confer. In the ſnuff 


tobacco which are commonly uſed in Europe, there is er 


a a large proportion of lime or alkali. But for the lime and 


alkali, ſuch ſnuffs would not greatly ſtimulate our org 
| | d 


4 Tobacco and Snuff. 


of ſmelling. Yet, it is certain, that, in any,other form, Boox . Iv. 


we could not fail to think the uſe of lime and alkalis in 
ſuch a manner, highly dangerous. That tobacco which 
is uſed in chewing, and even that which we contrive to 


diſtil into the ſtomach in ſmoaking, owe alſo: much of 


their ſtimulati ve energy to the alkaline ſubſtances inter- 


practice is the ſame. Alkalis, tartareous acidulum and quick- 
lime are uſed, while people ſuppoſe themſelves to be uſing 


aromatous exciters, all nations are obliged to aid by un- 
periſhing falts, the periſhing aromas which they pretend 
that they uſe excluſively. In a pound of ſnuff, how 
very little is there, of genuine, freſh, aromatous tobacco ? 
The manufacturers of tobacco have learned the practice 


dreams and pretences as weak and abſurd as thoſe of the 
vulgar, from modes of proceſs that tobacconilts in this or that 
country, had taken up, and made ſecrets of, without know- 
| ing well, why. In conſequence of this, there is a very great 
waſte in all the more refined and expenſive modes of pre- 
paring ſnuff and tobacco. In moſt of their cheaper 

preparations, there is very great impoſture. The uſe of 
tobacco and ſnuff might perhaps be univerſally relinquiſhed 
without any diminution of the real comiorts and utilities 
of life. Yet, mankind, as it ſhould ſeem, mu have ſti- 
mulants of this ſort. And tobacco is, perhaps, one of the 

leali noxious that they can employ. We ſhoyld with, 


mingled in them. In the Eaſt, no leſs than in Europe, the 


tobacco. In the uſe of the betel- nut, and of moſt other 


Poſſibility 
| of their art from no rational principles. They haveof improv- 


adopted—it from the example of the native Americans, ing 
among whom the plant was, firſt found, from the pre-tobacco and 
ſcription of phyſicians who practiſed and preſcribed upon 


| then, that, by an honeſt, open manufacture, founded 
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| 8 Ct. Eee for ue, with as fittle loſs a8 poſſible of 


Former im- 


— Wa-tallic, terrene, and fixed ſaline parts could not be eaſily ſe- 


r 


R - rodcbs, have made it much more eaſily poſſible, than it was 
ters, before, to accompliſh the perfect Analyſis of Mineral 


— 


LY bend Hits: 


upon true Ehbniical principles; the ſnuff ahd tobace 


the true arbmi, —withoit the wife of an excths OF alkaline 

matter ſuch as ninſt deftroy the tobacco, and render is 

we, in ſomſe Tort, Abxibus;—without the application of 

matters in the ſauces; which att rieceſfirily diff pated and 
| hiſt With the bsgakes kin Chip? Naß whe 


at * Me neral W aters, 


1. Tur Analyſis of Mineral Waters was, danneh, one of 
perfeRions the moſt difficult taſks which Chemiſtry was accuſtomed to 
hogs of mi try. The gazeous principles eſcaped notice. The me- 


parated from one another. No artificial proceſs could 
imitate the Mineral Waters of Nature, or recompoſe any 
NC of ſuch waters, after it had been once 
23 ole knprvetheints i in Chen, which have taught 


3 * 


ment in An · us to diſtinguiſn, and to take an account of, gazens 


neral 


IFuxrs. It is pofnbie to preſerve all the poducts of fuc 
an Abalyſis without loſs, to ſeparate all the component 
ports of any mineral water from ont another, and to 
2 | 8 . 
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The Analyſt of Mineral Waters. 895 
imitate, aff, almoſt any mineralized vater that Book N. 
| Ster. 1 
preſents itſelf to us, in Nature. === 

All but rain-toaters, are, frickly ſeating; more or tefs 3. 

wineralizel. Water has foth unfverfal folwent powers, OiZ nere 
that it cannot paſs along the ſurface of the earth, *cantiot of Mineral 
at all deſcend under the ſurface, without atqvitthg * | 
impregnation of thoſe matters, folid, liquid, or gazeous, 
with. which it thus comes into contact. Even rlonning 
waters have uſually,” more or leſs of ſand and clay alami- 
nous and ſiliceous, uſually ſuſpended in them, even when 
they are in their beſt ſtate of purity. The fanding wa- 
ters of lakes and marſhes ate contaminated with a thouſand e 
things, animal and vegetable, haſtening into a ſtate of 
putreſcency. It rarely happens, that the waters of wells 
dug in the earth, are not impregnated with ca careous 
falts, to which are often ſuperadded falts fulphuric and 
magneſian. But, thoſe which we call Mineral Waters — 
by way of eminence, owe their chief mineralization to 
iron, —to ſulphur, — to ſulphuric ſalts of various ſpecies, 
—to gas. hydrogen ſuſpending in itſelf particles of ſulphur 
in extreme comminution,—and indeed to a very great 
diverſity of the ſolutions of neutral ſalts, —as =D 4 in very 
many inſtances, to carbonic acid. 

The taſte, the ſmell, and ſome other obvticas and fim- Se 
ple trials, will enable us to diſtinguiſh, whether the prin- re&ions for 
cipal mineralizers be metals, ſylphuric ſalts, or calcareous _— 
and magneſian ſalts. If we defire, merely to obtain that Waters 
water, in a pure ſtate, which contains calcareous and ſul - 
phuric ſalts; fumple boiling and cooling will—partly by * 
evaporation, —partly by depoſition, free the water whi AD 
we ſubje& to them, from calcareous mixturts. Gar- 
hydrogen mineralizing water, will, with fulphur. and 
„ what- 


596 a Chemical Arts: 
Boo IX, whatever other ſubſtances may be ſuſpended-i in it, fly of 


— or upon mere expoſure to the external air. Even feruginou; | 
mixtures are liable to ſeparate from water, by depoſition, 
It is leſs difficult to expel any mineralizer whatſoever 
from water, than to eſtimate accurately the. proportions of 
ſuch mineralizers, while they are driven off, —To free 
water from a gazeous mineralizer, it may be proper to 
employ a pneumato-chemical apparatus. Put into this, 
any given quantity of the mineral water. Apply a tem- 
perature, ſufficient to evolve the gas, without evaporating 
the water. After obtaining the gas ſeparately, you may 
eaſily aſcertain by proper teſts, its peculiar nature. The 
compariſon of its quantity with the quantity of the wa- 
ter, will indicate the proportions of the mineralization, 
If other falts ſtill impregnate the remaining water, 
add, according to your judgment of the nature of theſe 
ſalts, - thoſe ſubſtances which may be expected to attract 
them into new, precipitating compounds. If it be 7 
which you ſuſpect to mineralize your water, employ to 
detect and remove it, thoſe ſubſtances, ſuch as the Pruflic 
| Acid, the Gallic Acid, &c., which are well known to 
have the power of precipitating iron into new neutral 
combinations. If the mineral water which you ſubject 
to experiment, be ſuch, that you can form no conjecture 
of the nature of its mineralizers; then, try, firſt, the 
ſtrongeſt, and moſt general TE-agents ; varying in the uſe 
of theſe, till you ſhall, at laſt, fully detect the nature of 
the mineralizing principles, and aſcertain their proportions. 
The preferences of the reciprocal attractions of chemical 
| ſubſtances, explained in the reſpectiye hiſtories of the 
ſubſtances, muſt be underſtood, in order to direct him 


12 
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who attempts the analyſis of mineral waters, in the uſe hoon TX; 


of the proper re-agents. we 
There is no known mineral water which, in the pre- 5. 


| ſent ſtate of the ſcience and practice of Chemiſtry, Artof — 


may not accurately imitate. 8 
Mineral waters are certainly capable of being made "OI: 

uſeful for the cure of many diſeaſes. They ſerve as the of mineral 

beſt vehicles of both gazeous, fixed faline, and metallic” 

remedies, But, we muſt confeſs, that, in the preſent ſtate 

of medicine, they are for the moſt part egregiouſly miſ- 

applied; and that, in this miſapplication, they do more 

harm than good. : 
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Ofth SY I N the preceding ſections of this book, it has been cn. 
Book h deavoured to exhibit a view of the beſt mode of applying 


Chemiſtry, after the reader is once acquainted, in a gene- 
ral manner, with its principles, to explain the phœnomena 
of inanimate nature, of vegetation, and of animal HH, to 
improve the manipulations of the chemical arts, and to 


_ unfold the ratio by which the ſecret, unſeen parts of theſe 
manipulations naturally take place and form a connexion 


of the more obvious appearances. It is but a ſketch of 


| any one of the chemical Arts which has been given: for, 


to have entered more fully into the detail of their prac- 
tice, would have immeaſurably ſwollen out this volume; 
—it was properly, the chemical ratio alone, that we had 
to explain, and thoſe particulars ſolely of the actual me- 


chanical practice, without which, the chemical ratio 


could not well be underſtood: And befides,—as this is 
a ſort of firſt attempt in the conneCting of the explana- 
tion of the Arts;,—in ſuch a ſeparate and conſecutive mode, 


with the didaQtic deduction of ſcience ;—the deſign was, 
.rather to ſet an example of the beſt mode of teaching the 


chemical Arts which might be, hereafter, purſued to full 


improvement, than at once to accompliſh all that was 
poſſible, in chis particular province. | 


One 


J 1 


#77777 e, WR 


One very pljaſing reſult. eaſily appears from what 10 5 IY 
been here unfolded. - Comparatiycly little, has been, hi- i 
therta, done fot the abbreviation and improvement, of — N 
chemical Arts by means of Science. Almoſt all that basel lar 
been done in theſe Arts, has ariſep-in ſcientific etrar, in ee im- 
the imitation of practices Which were ill- underſtood. 2 
diſcoyeries which originated in accident, aud were taken 

up without enlightencd intelligence- The abbreyiations, 
te improvements, therefare, which the chemical Arts in 
Britain, may hereaſter receive from Sczenge, are mars 
than can be eaſily conceived. From this warten much 
is yet to be derived for the amelioration of che ſtate of 
ſocial life in Britain, for the increaſe of the v wages of the 
labourers, for the reduction of the prices of goods in the 


market, for the conyenient multiplication of the numbers 
of the inhabitants of our country, | 


en 


W1TH the cloſe of this Book, terminates the plan of 3- 
this Work. To explain the Nature aud Ends of Che- — 
mical inveſtigation ; to preſent ſuch a deſcription of the 
inſtruments and manipulations of the Laboratory, as, 
though it could not ſerve to the ſtudent inſtead of actual, 
experimental acquaintance with theſe, might enable him to 
view them at. the firſt with more of intelligence than 
were otherwiſe to be expected; to exhibit a ſcientific ar- 
rangement of the different parts of Chemiſtry ; then to 
give the Chemical Hiſtory of all the different ſubſtances 
in nature, as | nearly as poſſible in the order of the ſim- 


Pp 4 plicity 


Conclyfon 


| how, Ix, plicity or hs compound character of every reſpe&tive 
ody: and laſtly, to ſhew, in what manner, the know. 
ledge of chemiſtry is to be applied to the general im- 
provement of Art and Science; are all the objects to 

the accompliſhment of which the deſign and plan of this 

work have been directed. In the courle of its execuiion, 

many of the moſt remarkable de/iderata in chemiſtry, 
have been neceſſarily ſuggeſted to attention. It is to be 

| hoped, that, within the courſe of even a very few ycars.— 

the whole phaſes of this - Science muſt be exceedingly 
changed by the rapid Nen of chemical inveſtigation 
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OF PHLOGISTOR. 


CEMIS TRV. till the ſeventeenth century, conſiſted Apa! 


only of a collection of facts, of which the ſecret rela. WY 


tions were not explained by any grand principles of ra- 
tional Science. Combuſtion, fuſion, evaporation, were 

the ſpecies of chemical phœnomena, the moſt conſtantly 
under obſervation in the Laboratory : And it was, there- 

fore, natural, that the firſt extenſive Chemical Theories 
ſhould be framed to afford an explanation of the latent 
cauſes on which thoſe phenomena depended. Beccher, 
accordingly, propoſed the doctrine of the exiſtence of a 2. 
peculiar, i»flammable carth,—the only combuſtible ſub dds 
ſtance in Nature. entering, however, in various propor- ri. 
tions, into all bodies ſuſceptible of combuſtion, — and con- 
ſtituting in its various unions and modifications, the prin- 

ciple of ſmell, of ſpirituous action, and of all that is 
peculiarly refined and energetic in animal bodies, as well 

as of their combuſtibility. 
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Appendix l srant, the deſciple of BrechEx, ſtrove to improve 
War ge doctrine, and to extend it, in its applications, to many 
Stah's new inſtances. He called this inflainmable principle 
8 Furocisrox. He conſidered SULPHUR and the M- 
ALs, as the moſt eminently phlogiſtic among all phlo- 
giſticated bodies. He thought, that METALs were com- 
binations of EARTH with PHLOGISTOY ; and that cal- 
_ cination deprived them of their genuine metallic proper- 
ties by extract ing, in a ſort of combuſtion, the PHLo- 
GISTON on which theſe had depended. In the caſe of 
the. calcination of n as, he believed, that the 
acids abſtracted the phlogiſton, and thus deſtroyed the 
metallic qualities of the ſubſtance caleined. He regarded 
Odorouſneſs, fuſibility, volatility,” as properties little leſs 
inſeparable than inflammability, from the preſence of 
_ PHLoGISTON. He ſuppoſed alſo, that PHLOGISTON 
ede, Was the principle of colour in all bodies, . 

| "His principles were adopted by. all ather chemical 
Diſcipe ol philoſophers. While the Natural Philoſophers ſtroye to 
repreſent hegt, as being ſimply 2 reſult from the inteſtine 
motion of the parts of bodies; ; it was, on the other hand 
conſidered by the Chemiſts, as 4 ſubſtance which Was to 
be known, only i in its combinations, and by its. effects, 
and of which the qualities 15 not appear always the 

ſame, in every different body hough it could not be 
dounbted but à better acquaintance with the nature of all 
2 bodies, would explain the reaſon of their differences i in 
5  phlogiſtic phœnomena. There was no better theory. 
Thoſe who laboured the, moſt in Chemiſtry, were not 
_ philoſophers n nor, logicians, but mere workers in the labo- 
ratory empirics who thought nor of ſcientific order, 
but looked fimply to appearances in what they Ebel 


8 a, 


Of Pblagi len. 


aud were content with an imperſect theory, becauſe they — 
never examined, whether or not it were conſiſtent with 


itſelf. Even thoſe who attempted to philoſophize and to 


write, in Chemiſtry, long wanted facts from which they 


might deduce the proper principles. When the Chemiſts 
of Holland, of Pruſſia, of Sweden, of France, of Bri- 
tain, wrote ; in ſpite of the evidence of facts they wrote 
{till rather to confirm than to queſtion the -theofy of 
 PHLOGISTON. Boerhaave, Neumann, Lewis, Bergman, 

Macquer, Scheele, all agreed in maintaining the exiſtence 
of fhlogi/tan. In the reſearches into the Chemiſtry of 
airs by Hale, Prieſtly, and Cavendiſh, the general doc- 
trine of phlogiſton, was {till retained. Its elementary 
principals, entered not deeply into thoſe ſeries of experiments 
which they inſtituted : And they were, therefore, diſpoſed 
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rather to oyerlook and conceal its incongruities, than to 1 
view them in that ſtrong light in which they would have 5 
appeared ſufficient to e and utterly explode the RK 
theory. | 144 
But, ig the weng times: a ſeries of not inconſiderable , 4 * 1 
WER *. | 

difficulties were ſtil} riſing more and more into view, theey of the | E 


more the applications of the theory of phlogiſton, began Ther. 


to be extended. Clarcual, one of the molt entirely com- 
buſtible of bodies, and by STAHL, conſidered, as little elſe. 


than pure PHLOGISTON, was evidently neither odorous, 


volatile, nor fuſible,—though, if PHLOGLISTON, it ought, 
to have poſſeſſed theſe properties in the moſt eminent de- 
gee. Diamend, à body entirely. combuſtible,” without 
reludye, was, alſo, inodorous and infuſible. Spirit of 
wine, ther, and ſeyeral, of the eſſential oils, were cor, 
lourleſs. Moſt of the metals, when reduced into the 


late of what was called calcination, aſſumed —— 8 
ne 


604 Of Pblogiſton. | 
AppendixI of colour, by this fancied deprivation of PHLoG1sTox, 
is as according, to the phogiſtic theory, ought rather 
to have owed to the preſence of PHLOGIsTON, In many 
caſes, thoſe which the followers of STAHL called 4. 
gifticated airs, were found to poſſeſs in greater ſhares than 
thoſe which were, in their opinion /hlogi/ticated, all the 
keener and finer energies of which PHLoG1sTow was 
eſteemed the principle. In truth, this theory of phlo- 
giſton gradually appeared to be an aſſemblage of contra. 
ditions, the moſt incongruous and irreconcileable that 
had ever yet been tenaciouſly maintained in ſcience. But it 
was deeply interwoven into the language of Chemiſtry : 
And Chemiſts had been ſo much accuſtomed to regulate 
their opinions in a conformity with its notions, that they 
would rather overlook its incongruities, than relinquiſh 
the accommodation which it had afforded them. 
mw 5. ich, At laſt, however, it was aſcertained, that bodies which 
= laſt, fug-had been hitherto ſuppoſed, in combuſtion, to give out 
7 PHLOGISTON, acquired an addition of weight by what 
was ſuppoſed to be the loſs of a principle. It was aſcer- 
tained at the ſame time, that the air in which this com- 
buſtion took place, loſt as much of its former weight, by 
this act, as the burnt body gained: And it, farther, ap- 
peared, that air which had once in this manner contri- 
buted to combuſtion, till that combuſtion ſpontaneouſly 
ceaſed in it, could not again be made to affiſt a new com- 
buſtion. From theſe facts, it was unavoidably inferred ; 
| that metals were originally ſimple, and became compounds 
/ only by combuſtion ; that burning bodies, in general, loſt 
no principle by combuſtion, but in the act, abſtracted a 
new one from the air. The farther proſecution of this 
train of experiments confirmed thoſe inferences. ann | 
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Of Phlogifton. 


peared, that, in what was called the calcination of metals Appendix 
by acids, the acids were decompoſed, and the calcined ——* 
metals increaſed in weight by their decompoſition, It 
appeared, too, that thoſe which had been called llagiſti- 

cated acids, were weaker and more impure than thoſe 

which had been called Defþhlogi/ticated. Every fact, in 

ſhort, concurred to explode the notion of the exiſtence of 

ſuch a principle as phlogi/ton, acting that part in nature 

which had been aſcribed to it. Its votaries made a ſtout 
reſiſtance. But, their oppoſition was at laſt overpowered, 

amidſt the abſurdities in which they ſaw themſelves en- 8 
tangled. 

But though Purł ots rox or a > principle of fire have been oy 1 
exploded from that place which ĩt held in Chemiſtry, by the Tea. | i; ö 
theory of STAHL ; the exiſtence. of ſuch a principle is 2 
ſtill univerſally confeſſed. It is now believed, that Ca- 

LORIC—HEAT,—or PHLoGISTON—if you chooſe to 175 

call it ſo,—is diffuſed throughout all nature. It is the | 1&4 
principle by virtue of which, all bodies differ in denſity. 2 14 
Even in the denſeſt material. bodies, there is perhaps a 3 
portion of expanding CALORIC or PHLOGISTON, by » 
virtue of which, they are leſs denſe, than the unoppoſed 
attraction of gravitation, would otherwiſe, render them. 
The differences in denſity, of different ſolid bodies, depend 
upon their containing, reſpectively, more or lefs of 
PHLOGISTON, Matter is reduced into a liquid, by re- 
ceiving into combination with it a much larger portion of 
Caloric or PHLOG1STON, than it requires to maintain it 
in a ſolid form. An addition of CaLor1c or PHLoGrs- 
rox, much more conliderab!e, <xpands matter into that 
which is called the gazeous ſtate, The hghteſt gaſes, 
are thoſe which contain the largeſt proportion of CaLo- 
| : | RIC 


bo e PMIogifton; 
— xte or PHLoGrsron, Again, Cotmbuſtion takes plic 
| whenever a ſubſtance in combination with Phlogifton or 
caloric, meets with any other ſubſtunct, to combine with 
which it tends, in preference to remaining ia union with 
its phlogiſton. Of all ſubſtances, that which is found the 
 bfteneſt in a gazeous or eaſily decompoſible combination 
with phlogiſton, and has, at the ſame time, the ſtrongeſ 
tendency for combination with almoſt all other fabſtance 
—is—OxYGEN. Combuſtion or the extrication of Po. 
ols rox, is ſcarcely known to take place without a depofi. 
tion of oxygen from a liquid, a ſolid, or eſpecially a g. 
zeous ſtate: Caloric, Phlogiſton, or Heat, never be- 
4 c8cdWdomes preſent to our ſenſes, except when it is in the a4 
13 pf tranſition out of one combination to another. It is at 
3 all other times in combination. LI oH, or that which 
is the medium of viſion, uſually accompanies it in all its 
combinations. Light and PHLoG1sToN or CALokic, 
united in a particular modification, conſtitute what i 

called ELgcTRIciTY. 


7) Or the old theory of PHLoGISTON, we can eaſily 
8 old The-perceive, that · it was a genuine progeny from the dream 
la. of the Alchemiſts and Roſicrucians. It is in this manner, 
that adyancing Science, firſt modifies, in all inſtances, 
the wild conceptions of fanciful i ignorance, STAHL'S 
Phlogifton, Beccnues's Inflanmable Earth, repreſent the 


metallic Anima, the Panaccan Vi irtue or the Alchemiſts, 


which 
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on man, immortal health and youth. A theory could not 
well be ſolid, which aroſe upon no furet baſis, than the 
endeavour to reconcile a. vain fancy, to appearances to 
which it had no relation, the endeavour to beſtow plau- 
ſibility on that which its palpable abſurdity had begun to 
deprive of credit, even among the weakeſt of mankind. 
It is curious thus to trace the ſource of errour. It is 
intereſting to remark, how truths ſhall, at times, be fo 
built around errour, as to give it an artificial ſtrength, and 
to their own injury, to protract its fall. It is not fur- 
priſing to find, even true philoſophers unwilling to re- 
linquiſh an erfour, which has from their catlieſt youth, 
aſſociated itſelf with all their habits of marking, and alt 
their ſcietitific language. | 
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which had been ſuppoſed to poſſeſs the power of con- Appllitt 
verting all baſer ſubſtances into gold, and of beſtowing Wes 
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| APPENDIX SECOND. 


or THOSE NOTIONS OF THE DIVERSITIES OF GA5t;, 
WHICH WERE ENTERTAINED BY THE PHIL0s0- 
 PHERS WHO FOUNDED THE ROYAL SOCIETY of 
. LONDON. | 


| 1. Tnosx who make Sfcoveties in Philoſophy, are wont 
——.— to urge too high claims of originality; and to forget, in 
— what manner, they were conducted by the ſuggeſ- 
188 tions of their predeceſſors, into thoſe trains of reaſoning 
| by which they have been, in the end, led to diſcern the 
general truths of which they boaſt themſelves, the author. 

They, again, who envy inventors in Philoſophy, the ho- 

nour of their diſcoveries, are apt to attribute all to the 
ſcientific giants of a former age; and, if they can find, 

in old books, but a fingle hint, Fame": faint and ob- 

ſcure, that relates, to the ſubject of the modern diſcovery,— 

to pretend, that, from this, has the diſcoverer ſtolen all 

that he claims the merit of. 

2. In the hiſtory of the new Diſcoveries in Chemiſty, 

cr operation of theſe principles is ſufficiently apparent. 
miſts con- The Chemiſts bf the School of LavoisteR conſider 


origi %s 1 as the Creators of a New Science of Che- 
of the late 


diſcoveries, Miſtry. Others pretend to have found out, that, in particu- 
lar, an old Engliſh Chemiſt of the name of Ma vo, had 


anticipated them in almoſt all that is eſſentially valuable 
in their diſcoveries. I am not inclined to agree — either 
* f 4 with 


Of Gaſes. WO: 60g 


with thoſe who would endet the modern diſcoveries Apen. II. 
in Chemiſtry, as originating ſolely from the unprompted VI 
invention of LAvo1SIER and his diſciples, or with thoſe 
who refer the praiſe of the La voI$1ERIAN diſcoveries, 
to the Chemiſts of a former age. But, I own, that, 
when I read in Spratt's Hiſtory of the RoYaL Society, 
or LonDoN, the account of that-Society's diſcoveries ;, 
am aſtoniſhed, both, that this account, has eſcaped, 
the notice of the late hiſtorians of Chemiſtry; and that 
the diſcoveries of LavoisIlER concerning, gaſes, were not 
much ſooner added to thoſe which had become known 
to the RoyAL SociETY oF LoxDoN, amidſt their firſt 
wonderful exertions to perfect every Science, and to im- 
prove every branch of Art.— The following is the ac- 
count of the diſcoveries of that illuſtrious body concern- 
ing FIRE and A1Rs,—as related by the eloquent SPRATT, 
who, in this work has proved himſelf, one of the beſt. 
we that ever adorned any language. | 
Experiments about Fire and Flame. Of theſe | 
Chentical 

„many were made, in order to the examination of a Theories 
theory propounded to them, — that there is no ſuch 27d expert 
« thing, as an elementary fire of the Peripatetics, ore by 
* fiery atoms of the Epicureans; but that the fire is 
* only the att of the diſſolution of heated ſulhhureous bodies 
* by the air, as a menſtruum, much after the ſame manner 
* as Aqua Fortis or any other /harft men/truums do work on 
Adiſſoluble bodies, as Iron, Tin, Copfier ; that Heat and 
* Light are tus inſeparable effefts of this diſſolution, as 
Heat and Ebullition are of theſe difſolutions of Tin ang 
* Copier; that, Flame is a diſſolution of Smoke which 
conſiſts of combuſtible particles, carried upward by the 

+, Qq | — heat 


1 Of the Diverfiies 


Appen. Il It. « heat of rarefied air; and that afhes are a fart of the 
* body, not difſoluble by the Air. 
* Of this ſort, they have made expetiments,—to find 
«the laſting of the burning of a candle, lamp, or coal, 
in a cubic foot of common, rarefied, and condenſed air; 
to exhibit the ſudden extinction of candles, lamp, 
| « and lighted coals, when they are put into. /atiated air; 
« to ſhew the ſpeedy extinction of kindled charcoals by 
blowing on them with bellows, that air which had, 
before, been ſatiated with burning to ſhew, that the 
« greateſt and moſt laſting heat, without a ſupply of 
* freſh air, is unable to burn wood, ſulphur and other 
* combuſtible matters to find the comparative heat of 
all kinds of fires and flames of ſeveral materials, as of 
& ſulphur, camphire, ſpirit of wine, oil, wood, coal, ſea- 
„coal, iron ;—to find, at what degree of heat,—lead, tin, 
« filver, braſs, copper, gold will melt. 


# % # # # #S 


Experiments of candles, and coals, extinguiſhed by 
« the damps of a deep well ;—of the burning of lamps 
„under water; —of burning ſpirit of wine and camphire 
„together, and the diverſity of their flames ;—of reduc- 
5 ing copper to a very combuſtible ſubſtance ;—of heat- 
ing the air by blowing it through a red-hot pipe, { 
* as to burn wood ;—of the brightneſs of the flame of 
entre and ſulphur f the burning and flaming of iin 

ve * filings by the help of nitre . 
„ to make glaſs-bubbles ſwim in air very 
* much condenſed; = of glaſs-balls riſing in a heavy 
* or condenſed air, and falling i in a — and more 

e farefied.” 


30 


| Of Cases. 


of geneing ir by core meniruugs ener * 


of fermenting liquors, out of water and other lemon 
« by heat, and by exhauſtion ;—of the returning of fuch 
« air into the water again ;—of the vaniſhing of air into 
« water exhauſted of air of the maintaining and in- 


66 creaſing a fire by ſuch airs;—of the fitneſs and unſit- 


« neſs of ſuch air for reſpiration ;—of the uſe of air in 
« breathing.” to try, how long a man can live by 
« expiring and inſpiring again, the ſame air; to try, 
« whether the air ſo reſpired, might not, by ſeveral 
« means, be purified or renewed ;—to prove, that it is 
not the cold nor the heat of this reſpired air that 
6 — 8 
; of the quantity of freſh air requiſite for the 
of ie of a of a n animal ;—of making air unfit for re- 
« ſpiration, by ſatiating it, by ſuffering candles or coals 
« to burn it, till they extinguiſh themſelves. 
Experiments of including living animals, and kindled 


« coals, and candles in a large glaſs, to obſerye which of * 


* * will be firſt, extinguiſhed.” — 
—— Of the living of creatures by factitious air®.”” 

Whoever reads the detail of theſe experiments, muſt 
be ſurprized, that, when the modern chemical diſcoveries 
were ſo nearly hit upon ; the progreſs of that branch of 
ſcience ſhould have been interrupted, till ſo late a pe- 
riod. But, in truth, the attention of Philoſophers was, 
ſoon after, ſo entirely drawn by the extraordinary diſco- 
veries and inventions made in what is called Natural Phi- 
loſophy, that the proſecution of chemical enquiries was, 
in a great meaſure, forgotten. The alchemiſts had made 


* rue, Hiſtory of the Royal Society page #15 to 2196 © 
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612 Of the Diverſities, &c. 


Appen. II. the world ſick of the talk about Chemiſtry. And philo- 
OY" ſophers were of conſequence, compelled to turn ther 
regard upon ſomething that was leſs unpopular. Had it ber 
otherwiſe ; the labours of the founders of the Royal Society of 
London, muſt have anticipated the diſcoveries of Lavoiſer, 
Never did a company of Philoſophers with ſo much of 
generous ardour chaſtened by reaſon and common ſenſe, 

or with ſuch comprehenſive views of Science and of Ar, 

enter upon the deſign of improving both Art and Science, 

in order to ameliorate the condition of human life. When 

we conſider, how m y did within a very few years, 

_ '—it is impoſſible, not to wonder, that ſo little ſhould hare 

been ſince accompliſhed in the ſame tract of diſcovery, 

« Spratt's Hiſtory of the Royal Society“ —is, in all re- 

ſpects, one of the nobleſt productions that any age ct 
language can boaſt,* It is the diſgrace of our country, 

that it has not paſſed through more than four editions, and 


chat it is not, at preſent, more generally read. 
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APPENDIX THIRD. 


tx: 


or COUNT RUMFORD'S THEORY, WHICH REPRE- | =p 
SENTS WATER, AS & NON-CONDUCTOR OF HEAT. 4 
' {8 
1 | 
i 


Foo: and Britain in particular, owe much to the of 


ingenious and patriotic labours and diſcoveries of Six Gone _ 


BENJAMIN THOMPSON, Count RuMrorRD. Of theexertions. 


F * 
T -» m y 
, * —— 
- My, 
— 
4 


Philoſophers of the preſent age, I know not, that any one i 
has laboured more diligently, or with better ſucceſs, to '1q 
promote the application of the principles of Science, to bf 
improve the moſt uſcful arts of life. He has been eſpe- 8 oh 
cially ſucceſsful in teaching a new ceconomy in the uſe 4 
of fewel. He has, at the ſame time, propoſed a new i 
doctrine in reſpect to the general nature and action of 1 
heat. This doctrine, I feel myſelf under a neceflity of 4 


oppoſing. 

It is, if I rightly underſtand him; 4 That HeaT,— 1 2 
Caloric,—or PHLOGISTON—as r have ventured to trine con- 
name it, cannot paſs from one particle of water to -n 
other; that, in truth, heat is generated by friction for 
which it is impoſſible to account, otherwiſe than by a 
ſuppoſing heat to be a mere modification of motion.“ ö 

I think theſe doQtrines very incorrect. I would ex- 
plode them by the following reaſonings. 

I. If water be a non- conductor of Heat, Calorie or 


phlogiſton ; then Heat cannot paſs from one IN DIvISt- 
24 BLE 


614 Water s ConduZor 
Appen.IIT. LR PARTICLE of water to another. I it cannot paſs 
2 from one indiviſible particle of water to another; then 
He miſtakes nothing but an ELEMENTARY particle of water can 
— ever be uniformly hot. A globule of water, uniformly 
particles. hot, is a thing impoſiible. Except in indiviſible particles, 
water can have no part in the ordinary tranſmiſſions of 
heat. Unleſs in a minute ſubdiviſion in which we never 
behold it, water cannot enter into any of thoſe general 
phcenomena of the univerſe, in which it is accounted the 

moſt eminent and conſpicuous agent. 


Riſum teneatis, amici? 


But Count Rut rox p ſeems to have entered upon his ex- 
periments, without conſidering what a particle of water was, 
andto have thought, only of the ſmalleſt perceptible globule. 

He took a thing for granted, which was utterly incom- 
patible with the truth of the theory which he was to 
build upon it. A globule of water was that portion of 

998 the fluid which he ſuppoſed to be incapable of communi- 
| "cating its heat to another globule. But, even a globule 

is itſelf, a collection, perhaps of millions of particles, 
amongſt which there muſt have been an intercommuni- 
cation of heat, before the whole globule could be of one 
common temperature. 
leni. 2- None of the expetiments upon which Count Ro u- 
preſents the FORD and his followers have endeavoured to eſtabliſh 

Heat, their opinion, were conducted with due accuracy. They 

never conſidered, that, if they ſpoke at all, it was, only 

of an indiviſible particle of water, they ſhould ſpeak. 

While pretending their experiments with a vaſt parade of 


* and with great minuteneſs, OY have always 
left 


of Heat. ig 


left many of the moſt important things, entirely out e 
conſideration. They have ſuppoſed, that heat or caloric 
had a tendency to act downward equally ſtrong as its 
tendency to act upwards; a thing perfectly contrary 10 
all ſcience and all experience; ſince the action of Heat or 
Caloric or Phlogiſton is ever directly in oppdfition to 
the gravitating action of other matter. They haye uſed 
a ſtrangely confuſed medley of the technical language of 
Hectricity which is, at beſt, highly improper,—with the 
language of Chemiſtry, and with that, yet more inaccu- 
* of common life. 

. Count RUMFORD is much at a loſs to underſtand 5+ 
ſs. comes the heat that appears to be generated b — - 
friction? He produces various experiments from which! _ [rice 
it deciſively appears, that, even a boiling heat may be 
produced by the friction of one ſolid metallic ſurface - 
againſt another. It is known, too, that burning and 
flame may be elicited by the long and violent rubbing of 
two ſticks together. Experiments have been likewiſe 
made by others from which it appears, that an extravr- 
dinary accumulation of heat may be commanded, even 
by friction in vacus. * 

But, of all this, what is the genuine reſult? That a 
deſtruction of aggregation, extending even to the minuteſt 
molecules, contributes, —as mechanical agency always 
does,—to ſome important chemical changes i in the rela- 
tions between caloric and the ſubſtances containing it: 

That, the attrition of which we here ſpeak, ſets at 
liberty, all that Heat, Caloric, or Phlogiſton which was 
contained in the aggregation of thoſe excecdingly minute * 
particles which the friction divides * 885 
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Appen. III. That Heat, Caloric, or Phlogiſton, the principle of 
S—— zASTICTY in all other bodies, —is itſelf, — as could 
not *but be before underſtood, — COMPRESSIBLE and 
ELASTIC : 

That this ELAsSTICITY of Heat, Caloric, or Phlogiſ- 
ton is ſuſceptible of being excited, as was naturally to be 
conceived, by the joint operation of cemſireſſion and at- 
trition,—freeing the heat from its confinement amidſt ex. 
tremely minute molecules, and at the ſame time ſtriving to 
repreſs it from making its eſcape into new combinations: 

That this ELASTICITY of heat is meaſurable by com. 
paring the liquefaction or gazifaction of any particular 
quantity of any liquefiable or gazifiable matter by heat 
from a given quantity of gas-oxygen, with the liqueſac- 
tion or gazification of the ſame quantity of the ſame mat- 

ter by heat produced from the friction of hard bodies, — 
and again by comparing the bu/k of—matter, for inſtance, 
——worn down by attrition, in producing this above given 
quantity of gazifaction—with the bulk of gas-oxygen | 
which muſt neceſſarily be decompoſed, to afford heat for 
the ſame quantity of gazifaCtion. 

* Does not the flaking of lime, equally prove the com- 
preſſibility of heat, - and evince, that, in bodies of different 
denſities, the compreſſions of the latent heat, are different, 
probably in the direct ratio under certain modifications, 
—of the denſity of each body? The quantity of Heat given 
out when lime, being ſlaked, attracts a portion of water 
into combination with itſelf, —is evidently greater, than 
that which we ſhould expect to be given out, if juſt the 
ſame bulk of any gas, were concreted. 

The ELAsricirr of heat, as well as of the gaſes 


'Which it renders a ſeems to be alſo evinced by what - 
takes 


Heat from Friction, &c. 


takes place, in the firing of guns and artillery, and in all Appen. It. 
ſorts of exploſions with ſudden gazifaction. PN 
If HEAT be merely Moro then ought the quantity 
of ſenſible heat to be always in proportion to the quantity 
of motion which is excited. But, the motions of the 
winds in the atmoſphere, infinitely exceed in quantity, 
whatever motion we can produce by friction. In the at- 
moſphere, then, according to Count RUMFoRD's ſuppoſi- 
tion, there could be nothing, in any region of it, but 
eternal flames and ſmouldering fires. 
If HEAT be merely MoT1oN,; then ought this Heat 
to be moſt ſtrongly perceptible to the human ſenſes, while 
the motion is continued. But, on the contrary, the human 
ſenſe feels it the moſt after the friction by which it was 
elicited, has pauſed. | 
If HEAT be merely MoTIoN ; then ought motion al- 
ways to increaſe and invigorate the action of Heat. Om 
the contrary, 'the continued rubbing of two fticks upon 
one another, will often extinguiſh that very flame which 
the previous rubbing of them together, had kindled. We 
ſee fires continually extinguiſhed by movements, but 
kindling up into lively flame and intenſity of Heat, in 
conſequence of being left at reſt, after the ſufficient quan- 
tity of kindling matter has been brought into due W * 
with the fewel with the acceſs of freſh air. | 
4. Count Rumford's* errors ſeem all to ariſe from * 
attention to theſe three undeniable, mann? acknow- inconliſtent 
ledged doctrines: Fo oe 
1. That Heat, Caloric, or Phlogiſton is an elaſtic ſub- Theory. | 
ſtance, ſuſceptible of compreſſion, and exiſting in greater 
compreſhon in the denſe than in the rare ſubſtances, which 
it expands by a myſterious chemical union: 


7 


2, That, 
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en 2. That, HEAT, in circumſtances where it has uu] 

acceſs, in both ways, — acts always in oppoſition to the 

gravitation of other matter toward the Earth's centre : 

3. That, HEAT acting upon fluids placed above it, 

alters the ſpecific gravity of the parts of any fluid, which 

are the neareſt to it, faſter than thoſe parts can tranſmit 

their ſurlus heat to the parts the next above them; and 

thus produces thoſe appearances which have been af. 

cribed to the non- conducting nature of fluids in regard 

to heat. Count RUMFORD has attributed more ordinary 

mechanical or hydrefaticel appearances to cauſes chemical 
or electrical. 

It is impoſſible, here, to deſcend to all the detail of 
Count RUuMForD's experiments. But, the reader of 
Count RUMFoRD's book, who carries in his mind, what 
has been here ſtated, and ſharply remarks, where there 

are or are not circumſtances overlooked in the Count's 
relations of his experiments, will caſily fee, that the facts 
afford no truely philoſophical foundation for the theory 
which their Author has endeavoured to eſtabliſh upon 
5. Before cloſing this article, it may be proper to ſtate 
what ſeems to be the true ſcience relative to heat. —lt is, 

i follows. | 

at There are only two ſorts of matter in this whole 
Heat, terreſtrial ſyſtem ;—one which gravitates from the Sun 
| towards the centre of the Earth,—anatber which gravi- 
tates from the Earth towards the centre of the Sun. 
The ſecond of theſe is HEAT, CALoRlic, or PHLOGI5- 
TON : The wel nn other ſorts of carthly 

matter, 


2, The 


oth * r.- ͤ 


2, The tendency of Hz AT towards the Sun, produces TP, 
the centrifietal force of our planet: The oppoſite tendency 
of other matter, produces its centrifugal force. 

3. Theſe two ſorts of matter are, by the laws of their 
combinations and difunions, maintained in a conftant equity 
librium of their general energies. 

4, If Heat were not combinable with other matter in 
perfect chemical union,—if it were not even more or leſs 
ſubje&t to mechanical agency ; it would quickly eſcape 
entirely away to its proper centre, the Sun; and the pre- 
ſent connexions and dependencies between the Earth and 
Sun would be of conſequence diſſolved. 

5. HEAT, therefore, exiſts in combination with all 
ſorts of other matter In gaſes, the combination is 
looſeſt and the moſt eaſily diſſoluble: In fluid it is { 
what leſs eaſily diſſoluble: Tn /elids, it is not to be de- 
ſtroyed without a deſtruction of the ſolid aggregation, 
perhaps, even to the ſeparation of the minuteſt particles. 
The nature of the combination is conſiderably affected 
by the ſtate, of the matter. In gaſes, there is an expan- 
ſion of the heat as of the gazeous baſis: In /zquids, the 
HEAT, as well as the other matter, is more denſe: In 
ſolids, the compreſſion of the Heat is, again, exceedingly 
enhanced. That HEAT may be acted upon by mechani- 
cal agency, no perſon can doubt, who obſerves, how we 
confine it within walls, concentrate it by burning-glaſſes, 
accumulate it by reverberating furnaces. Theſe facts 
ſufficiently eſtabliſh the doctrine of its ELASTICITY. 
How, indeed, ſhould that be otherwiſe than ELAsT1c, 
which is itſelf the grand cauſe of ELASTICITY, in all 
other material bodies? But, if the doctrine of the ZLAsT 1- 
CITY and COMPRESSIBILITY of Heat, be once admitted; 
| | | all 
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Appen. III. all the dificulties concerning the production of Heat by 
friction, will find an eaſy ſolution. | 

6. HEAT is never /en/ible, unleſs in its tranſitions out 
of one combination into another. But, in certain hard 


* 


medium preſented to it. 


ung Hear, which remain ſtill to be inveſtigated. 
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tenacious bodies, its paſſage out of one combination 
into another, is apt to be conſiderably retarded. Czteri; 
paribus, it will paſs from a ſenſible ſtate, more or leſs 
quickly, in the inverſe proportion of the denſity of the 


7. Bodies are, ceteris faribus, more or leſs fit to be 
Conduttors of HEAT, in proportion, as they are, reſpec- 
tively, more or leſs ſuſceptible of gazeous expanſion. - Or 
, the conducting rower of bodies in reſſiect to HEAT, 
＋ in the comſiaund ratio of their exianſibility and their 
r of retaining HEAT by compreſſion. 

8. HEAT may be conſidered as the ſole univerſal fol- 
vent of all other bodies. | : 

9. There are an infinite multiplicity of facts concem- 
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APPENDIX FOURTH. 


THAT LIME is OXYGEN IN A CONCRETE STATE. 


Is the courſe of the laſt Book of the foregoing work, it 

has been thrown out, that L1iME is nothing but OXYGEN 

in a concrete ſtate. The following are the facts and ſug- 

geſtions, upon which that Opinion is founded. 3 

I. All the late diſcoveries in Chemiſtry, lead us to re- A 

gard the SoL1D and the GAzzous ſubſtances as, in 

many inſtances, mutually convertible, by means of Heat. 

All che Gaſes are, either ſolitarily, or in compoſition, 

concreſcible. Diamond, one of the moſt impenetrable 

ſubſtances with which we were acquainted, has been re- 

cently found to be entirely gazefiable, There is ſcarcely 

any ſolid ſubſtance which may not be, either in combi- 

nation, or in ſuſpenſion, brought into a Gazeous form. 

This General analogy affords indeed no particular reaſon - 

to induce us to think Lime the baſis of Gas-OxYGEN; 

but it preſents a poſſibility which may induce us to give 

credit the more readily to any facts which ſhall . to 

lead to ſuch a general concluſion. 

II. All the Bodies in Material Nature, may nerhavs be 2. 

divided into Bodies Combuſtible and Bodies Incombuſtible, 393%... 

Matters capable of entering into direct combination 2 

Oxygen, — And Matters which are not ſuſceptible of any 

ſuch union. Now, the only bodies which can be con- 
| ſidered 
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Appen. IV. ſidered as ncombuſtible or Unexygenable,—are,—Limc, 
Potaſh, Soda, the Earths-Alumina—Silice—and the other 
Earths more rarely met with, but diſtinguiſhed as pecu- 
liar by the qualities and * of the neutral ſalts into 
which they enter. 
* III. Whatever we ſay of the other ſubſtances; we 
Lider fd. ſhall perhaps find it difficult to conclude' of Lime, Potaſh, 


u o thoſe and Soda, that they are Unoxygenable, in conſequence of 


of oxygen, 
any contrariety of nature to Oxygen, LINE in parti- 


cular, appears often to act nearly the ſame part in com» 
binations, as OXYGEN. Lime-water has much of the 
agency of an acid. It can hardly be doubted, but Lime 
produces Carbonic Acid from Carbon, juſt as does Com- 
buſtion. Clothes are whitened, in bleaching, by the action 
of Lime, juſt as by that of Oxygen. The reſiſtance of 
Lime to the action of fire, ſtrongly reſembles that of an 
Oxygenated ſubſtance. In its ſepticity in certain ſtates, 
and its antiſepticity in ſome others, Lime has an agency 
remarkably ſimilar to that of Oxygen and the compounds 
into which it enters. 
var formed from the head of the whale, which has a conſiderable 
_ with Lime. analogy to vegetable refins,—that, the fafitious ſhermaceti 
| which it has been lately found poſſible to procure by ſub- 
jecting the muſcular fabſtance of animal bodies to the 
action of running water, and by raiſing, aſter a certain 
time, the remains of animal bodies, from the grave, in 
certain burying grounds, chat theſe ſubſtances conſiſt of 
bydrogen and carbon with perhaps ſome ſmall remainder 
of azote, and with an addition of Oxygen. 
f - Now, from the experiments of Mr. Cxooxs of Edin- 
hugh, it appears, that the bodies of henings and ole 


with Oxygen. 
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fiſhes, treated with Lime, afford a fort of animal reſin, Eper. 1w. 


not unlike to wax, and certainly conſiſting of hydrogen 
and carbon with an addition of Oxygen,—a ſubſtance, in 
ſhort, which is adapted to ſecure many of the purpoſes of 
wax or ſpermaceti. How could ſuch a ſubſtance de pro- 


duced by merely treating the bodies of fiſhes with quick- 


lime, —unleſs quicklime were, in certain circuniſtancts, 


convertible into Oxygen ? 
V. - Much Quicklime is produced in the bodies of 4 


Fo 


Lime of 


mals, and in Vegetables; yet we do not know, that either animal and 
Quicklime or Calcareous falts of any fort, are, ordinarily, hodi ads 


taken, as nouriſhment, into either the one or the other. 
The ſhells of marine Animals-areſo remarkably calcareous, 
that many ingenious philoſophers have conjectured calca- 
reous matters in general, to derive their origin ſolely from 
the operation of the organic functions of theſe and other 
animals. Lime is the baſis of animal bones. It enters as 


an ingredient into the urine of moſt animals. It is, in 


truth, ſo eminently an animal product, that there is not, 
at this moment, a doubt among philoſophers, Bu there is 
a frimary produttion of L1ME, by the organic functions of 
animals, in general. 

Now, if there be a primary production of L1Me under 
the organic functions of animals ; theſe functions muſt, — 
either create it from nothing,—or elſe, extract or modify 
it from ſome ſubſtance which is brought under them eithe , 
by ab/orfition at the ſkin, by inhaling into the lungs, ot 
by ſwallowing into the ſtomach. All the fubſtances 
which animals, in any manner, take in, as aliments, 
are ſubje&t to be ultimately reſolved into oxygen, carbon, 
hydrogen, and  azote, with perhaps ſome acid-baffs and 
lome occaſional portions of alkali. The acid-bafis and 

| ; the 


I 
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8 che alkali are traced in the ,excremenits, in the ſecretions 
ä at the ſkip, or in the permanently fixed parts of the animal 65 
bodies. But, if we confider what a quantity of Oxygen, 
men and other animals take into their bodies as nutriment, 


and by fixation at the lungs, as well as by abſorfation at the : 
tin; we ſhall find it to be much more, than can either be 
| fizved or carried off by the known ſecretions—unleſs it be in - 
part, fixed and concreted in the Lime of the bones. If, 4 
again, we conſider, how vaſt the difference in bulk 5 
between the ſame quantity of Oxygen when it is in Gas, | 
and when it is in a ſtate of concretion; we ſhall be eaſily - 
ſatisfied, that the portion of the Oxygen taken into the * 
animal frame, of which the conſumption cannot be other- n 
wiſe accounted for, is exactly taken up in the formation of 0 


the bones and the offeous part of the excrement. The 
 Azote, the hydrogen, the carbon which we, in various 
ways, take into the body, are wholly either fixed or 
ſecreted in excrement, in a manner which we can ſuffici- 
ently underſtand, and accurately eſtimate, Beſides, of 
the nature of every one of theſe three ſubſtances we 
know enough to. be ſatisfied that Lime cannot be formed 
by the concretion of any one of them. There remains then, 
only the Oxygen, to the concretion of which, the ig of, 
the Lime in the bones can be referred. 

- VI. Lime operates, with wonderful force, as a ma- 


O — . 2 


Lime as ure, to quicken vegetation, and to fertilize ſoils that 
a Manure, 


might, otherwiſe, prove barren, Many theories have 
been at different times, offered, to account for the ferti- 
lizing powers of Lime. None of them has been found 
ſatisfactorily to agree with the phenomena, Its ſeptic 
deſtruction of other vegetables than thoſe which it is to 
nouriſh; its * to abſorb Wie moiſture; its 

formation 
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formation of neutral ſalts ſupplying azote or carbon; are Appen. tv. 
facts utterly inadequate to explain its extraordinary fertili- 
zing energies. Nothing but Oxygen ſupplied in extraor- 
dinary, abundance, and yet with a proper intermixture of 
the other elements could contribute to promote vegetation 
in the manner in which Lime always promotes it. We 
ſhall be the rather inclined to entertain this opinion, —if 
we reflect that the growth of vegetables is, chiefly, a pro- 
cels of gradual Oxygenation, and their ripening, again, a 
proceſs of de-oxygenation. Is it not, then, probable, that 
the Lime which ſo eminently promotes vegetation, paſſes 
into the vegetables, as a principle, and in paſſing into 
them, is by the functions of vegetative life, reſolved into 
Oxygen? 

VII. Beſides, the atmoſphere over ſtrata of Limeſtone, 
poſſeſſes that ſalutarineſs, which is only to be expected. 
where there is commonly an extraordinary proportion of , 
Gas-Oxygen or vital air. A Dr. MITCHELL of New 
York, amidſt ſome very inaccurate chemical notions, has, 

with great juſtice, repreſented the uſe of Lime/fone in pa- 
ving the ſtreets, in building &c. as, tending to prevent 
the infection of the yellow fever, and of whatever other 
diſeaſes originate in a deficiency of Gas-Oxygen. But, it 
is impoſſible, that Lime ſhould by any of its other known 
qualities, accompliſh ſuch an effect, —unleſs by an inſen- 
ible converſion of it into Gas-Oxygen. | 

VIII. The origin of the Fixed Alkalis is conſiderably 
analogous to what is here repreſented concerning Lime. 
It is unneceflary to repeat, in how many of their qualities, 
there is a coincidence of Nature between Lime and theſe 
Alkalis. They are, all equally incambuſtible, &c. Now, 
we ſcarcely know of any fixed Alkali, whether ſoda or 

| Rr potaſh, 
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Appen. IV. potaſh, which has not its origin under the function of 
S——— vegetation. It muſt, of courſe, be a product elaboras! 
| from Hydrogen, Carbon, Oxygen, or Azote, the ch. 
| ments of vegetable ſubſtance, either ſeparately in ſon: 
combination. If either Carbon, Hydrogen, or A 
were the element from which the alkali of vegetables, i 
claborated ; then muſt this alkali retain ſo much of the 
nature of the element from which it was produced, as f 
be deftruttible by fire. But, neither ſoda nor potaſh i 
known to be deſtructible by fire. We may, therefore 
infer that neither the one nor the other has its formation 
from Hydrogen, Carbon, or 'Azote. There remains 
only Oxygen. Can it be unreaſonable to conclude, tha 
the Fixed Alkalis are, as well as Lime, particular, con- 
crete modifications of this ſame ſubſtance ? 
IX. In the whole, this body of facts, — facts whic) 
have, in their favour, not the force, ſimply of one or tuo 
experiments, but of a moſt extenſive and unqueſtionabl 
experience; — are, indeed, ſufficient to render it exceed 
ingly probable, that Lime and the two Fixed Alkalis are 
but different modifications of Oxygen reduced into a con 
crete ſtate; yet do not fully eſtabliſh this, as — 
ſcientific truth. 

It is, however, probable that, if a mixture of LI 
with ſulfur, carbon, phoſphor, or hydrogen, miglt be 
expoſed to the utmoſt poſſible intenſity of Heat for a ve) 
long ſpace of time; the truth of this matter, would, then 
be finally and deciſively aſcertained. If Lime be, indeed 
only Oxygen in a peculiar ſtate; then would ſulphur 
acid, carbonic acid, phoſphoric acid, or water, be uli 
mately produced in ſuch an experiment. If, on the * 
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ind, Lime be not a concrete modification of Oxygen; Appen. IV. 
en, could no ſuch products be, thus, obtained. „ 
With the Fixed Alkalis, ſimilar experiments might be 

ſefully tried. | 
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A 9 . 11 I ; | 
OY V-Eizcrmenty is ſtill in general conſidered as a peculiz 


| and Light. 


\ Shark, it is probable that mechanical cauſes, ſomewhat 


Compoſition of Chemical Eletricity, 


APPENDIX FIFTH. 


CoMPosITION OF CHEMICAL ELECTRICITY. 


ſubſtance. Chemiſts have ſcarcely dared to ſpeak of i, 
Natural Philoſophers are content with tracing its move. 
ments. Yet, as has been hinted in the preceding work 
I cannot help regarding it as chemical compound, the 
compoſition of which, is ſufficiently apparent. 

We know, from the combuſtions which it accon- 
pliſhes, that it certainly docs contain Heat, Phlogiſton 
or Carbonic. . 

Its flaſhes are t LicHT. It exhibits no phe 
nomena which we can have any reaſon to belicye utterly 


incapable of being accompliſhed by a ns of Heat 


In the emiſſions which we procure, of the Elefiri 


as the priſm operates upon Light, and as the Friction of 
Hard Bodies acts in eliciting Caloric, effect a partial dt. 
compoſition of the Electric Compound. 

Thoſe Phœnomena of which the laws have received 
the name of Galvaniſm, are certainly, nothing but par- 
ticular modifications of the action of Electricity. Its 
unfortunate, that no ſpirit but that of quackery, ſhouls 
have, as yet, been turned toward the examination of this 


claſs of Natural rene 
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Acxrrrz of pot-am 
Achard's fuſion of Platina 
Acid Nitrous . 
V Nitric — 
——  Benzoic —_ 
— Carbonic ' 


——— Snlphuric 
»—>»— Phoſphoric. 
— Boracic 
——- Fluoric 
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q Aeldulum Oxalig = — 
1 Ather — — 
| Alembics deſcribed — — 
Alkalis deſcribed . — ink 
k Alum, anciently made in Germany — 
( Aluminous Pyrophorus — 
7 — — 
Ambergris — . — a 
Amalgams of Tin 8 — 
Ammoniac — Et 
Ammoniac and its compounds — 
Ammoniacal Carbonate, uſed in Medicine — 
Analyſes, uſes of, in Chemiſtry — 
Ancient culture of the Sugar-cane — 


Animal Subſtances, ſubjects of Chemiſtry / — 
immediate principles of 


Antediluvian Chemiſtry — — 
1 % Antimony, hiſtory of  =— ' — 
Aquafortis — — 
3 Argillaceous Rocks — — 
1 Arabian Chemiſtry — — m/ — 
. Aroma — — — 
. Arſenic, and its Compounds — 
3 Arſenic Acid — — — 
N Artificial meaſurement of Heat — 
\ Aſphaltes oy BT I, _ 
il Aſſay of Mercurial Ores — — 
i Aſſa fœtida — 
# Attraction of aggregation — — 
3 _ of compoſition — — 
7 Aſtringent Acids uſed in Tanning „„ 
1 bs: e SF Atmoſphere 
( 
3 
$ 


| 
| 
? 
| 


INDEX. 111 
' Fact. 
Atmoſpheric Mephites — _ £6 
Azote, chemical hiſtory of — 95 
B. 
BAKING of white Sugar — 597 
Balſams — _ 499 
Balance and Weights deſcribed — 37 
Bark, epidermes of the — 457 
Barometer, Deſcription of the — 33 
Baryt and its Compounds — 175 
Baths — — — 4 
Pell metal — — — 336 
Benzoe — — _ 145 
Benzoic Acid — — ibid. 
Beneſicial uſes of Water — — gr 
Berthollet's Account of the Compoſition of Ammoniac 233 
Bile, Compoſition of the — 417 
Biſmuth, Hiſtory of — — 270 
Arſenical Ore of — — ibid. 
Bitumens, Hiſtory of — — 376 
Black, Doctor, of Edinburgh — — 0 
his diſcovery of pure pot - aſh — 206 
Black Colour, dyeing of — — 556 
Bleaching, a Chemical Art — ln 
Blood, nature 0 — mis - 433 
Blue vegetable colours reddened by Acids — 159 


Blow-pipe (that able Mineralegif, Dr. Macxas, has 


very recently contrived to augment the powers of the 
Blow-pipe, and facilitate its uſe, by the addition of 
an apparatus, on the principle of the conſtruction of 
the Highland bag-pipe,—for ordinary uſe with it. 
Body, Animal, its ſtructure — "_ 
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Boitza, gold mines of — * 
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